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А МОВО FROM THE EDITOR 


The year was 1982 when three physicists from Kiev University 
(Ukraine) - Ye.Andreyev, M.Bely, S.Sit’ko - reported to the 
scientific community that they succeeded in experimental dis- 
covering of “manifestations of the characteristic eigenfre- 
quencies of human organism.” This event had marked as the 
beginning of the second stage of research that, in the long run, 
has brought about a concept of “Physics of the Alive."And 
while the first stage, being in the first place connected with the 
names of Webb, Zalyubovskaya, Gründler, Keilmann, Kaiser, 
Vitiello, Milani, Gleditsch, Devyatkov, Sevastyanova, had as 
its object to mainly detect the effects of *a resonance response of the simplest biological sys- 
tems to low-intensity millimeter-wave electromagnetic fields," the second stage appeared to 
provide for elaborating the models of development and functional stability of living systems 
in the context of realizing a fundamental role of their eigen coherent fields of the same wave- 
lengths (1010-10! Hz). Such approach widens the scope of both classical biophysics and 
medical physics, and develops the ideas of dynamic stability in living matter. In this case, 
living systems are studied not only in the context of applicability of fundamental physics of 
microcosm to their constituents but in their integrity. The study of living matter in this con- 
text becomes a groundwork of fundamental but already macroscopic physics of the alive. 

In May, 1989 at the International conference in Kiev a panel of scientists headed by 
H. Frohlich suggested the term of “Physics of the Alive" for this new science. 


This situation requires a widening of the scope of research (and knowledge) on the side 
of physicists and biophysicists as well as medicos and biologists, if we really want to progress 
in the way of fundamental biology developing. This is the purpose of creating the journal 
“Physics of the Alive (Biophysics and beyond). 


No. 1 of the journal is dedicated to the memory of an outstanding scientist 
H. Fróhlich, author of the idea of biological coherence, “the last of the Mohi- 
cans" who founded the quantum physics of microcosm. 


Some materials of this issue were presented at the International Conference on Milli- 
meter and Submillimeter Waves and Applications (January 10-14, 1994, San Diego, Califor- 
nia, USA). 

The journal is intended to come out as a quarterly. Beginning from No. 2 it will be 
composed of three main sections: “Biophysics,” "Quantum Physics of the Alive," and 
“Medical Physics” but also for brief communications, announcements, etc. 

I wish the readers and contributors the active and creative participation in the journal. 


Editor-in-Chief 


Prof. Sergej P.Sit’ko, Ph.D., r f. 
Chevalier, Merite de l'inventior (Belgium) p t Й Lo 
Honored Scientist (Ukraine) "Й - 


Conceptual Fundamentals of Physics of the Alive 


S.P. SITKO 
Scientific Research Center "Vidhuk", Kiev, Ukraine 


“We must be prepared to find a new type of 
physical law prevailing in living matter. Or are we 
to term it nonphysical, not to say a superphysi- 
cal, law? 

No, І do not think that, for the new principle 
involved is a genuinely physical one: it is, | think, 
nothing else than the principle of quantum over." 


Erwin Schródinger 
"What is the life?" 1943 


The conceptual basis of Physics of the Alive is the perception of the fact that any independently 
functioning living system is simultaneously a macroscopic quantum object and maser (laser of the 
mm-range) whose pumping out is provided by metabolism due to the mechanism called "hierarchy of 
dissipative structures." It is precisely this approach that provides understanding of the macroscopic 
entire of organism in accordance with the gene information (origination due to the coherence of the 
effective long-range forces) and its diverse differential stability (difference and stability of species and 
specimens) that is based on the principles of identity and discreteness of quantum mechanics. 


(Received May 20, 1993) 


Physics of the alive is a new notion coined with the appearance and recognition of a basi- 
cally new approach to the problem of formation and multiform differential stability of living 
systems. This approach embodies the latest advances of natural science and is substantiated 
by multitargeted experimental and clinical researches. 

"Today, 50 years later than the lines in the epigraph were written, we can only be aston- 
ished at a brilliant foresight of the creator of quantum mechanics that, as is known, is a 
theoretical basis of fundamental science studying its objects on three (viz. nuclear, atomic 
and molecular) levels of quantum organization of nature. The idea of the alive as the next, 
fourth step of this "quantum ladder of nature" (Weisskopf) enables us to unite the life and 
non-life methodologically and creates the prerequisites to form a fundamental theory of the 
alive [1]. : | 

In that sense, it is а matter of principle that the trends in this field would not be restricted 
by an obsolescent methodological nomenclature. 

Not out of place is to remind that the Western civilization has been holding to the ato- 
mistic doctrine in learning to apprehend the laws of nature for many centuries. Originally, it 
was purely speculative considerations of the Ancient Greek Thinkers (Democritus and his 
school, 5th C.B.C.) on the existence of an indivisible primary basis (i.e., the atom) of the 
whole being. Later, the correctness of the atomistic concept was shown by the entire progress 
of science and engineering. One think that the whole experience of the mankind (at least, of 
its Western part) witnesses that when studying components of the compiex we get to know it 
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more thoroughly. In other words, it is correct for the last centuries and up to now. The 
statement that the basic knowledge of nature can be obtained from studying the microscopic 
structure of objects was generally accepted. it is in this standpoint that the advance of spec- 
tral analysis in nuclear, atomic and molecular physics has been interpreted. Introduced by 
quantum mechanics (through its basic principles of identify and discretencss), the idea of the 
characteristic (eigen) frequencies make it possible to obtain universal "certificates" for each 
type of nuclei, atoms and molecules. In fact, this means an unambiguous quantitative defi- 
nition of all microscopic entities, composing the world around, in terms of their energy spec- 
trums. 

Due to the thermal motion of molecules, supramolecular structures placed in a con- 
densed medium do not possess, as a rüle, discrete far IR, sub-mm, or mm spectra that could 
be referred to the next step (і.е., that following the molecular one) of the quantum ladder. 
Therefore, the molecular step was considered the last. On the other hand, out of the four 
(viz. strong, weak, electromagnetic and gravitational) fundamental interactions known to 
natural science only the last two are long-distance in character. However, the gravitational 
interactions are in comparison extremely weak; as to the electromagnetic interactions, in 
condensed media they also become effectively short-distance due to screening. Thus, we 
again arrive at the same conclusion: all qualitatively substantial events run high on a micro- 
scopic level within the distances comparable with the dimensions of molecules and under. It 
is for these reasons (whether we realize it), which in biology and medicine the part of funda- 
mental science is played by biochemistry, molecular biology and genetics. 

However, while in the realm of inanimate nature such atomistic decomposition of a 
_ whole has led, as mentioned above, to the outstanding discovery of three fundamental steps 
of the quantum ladder of nature (the "crisis of elementariness," arises only on a subnuclear 
level), in the realm of living nature studying the systems on the cellular, subcellular, or su- 
pracellular levels leads to a sort of anthropomorphism. This in fact imparts consciousness 
and psychics to all known structures of the alive such as DNA, lysosomes, cellular mem- 
branes, cytoskeleton, immune system, etc. As applied to these structures the following ex- 
pressions are coined: they "are taught to distinguish between their own and strange genes," 
"control the sequence of events," "regulate the cellular cycle"; or "the replication mechanism 
is triggered," "tlie necessary amino-acids and proteins are being manufactured," "the forma- 
tion of internal organs goes," "the membrane channel opens (closes)," and so on, and so 
forth. Though each time we can find a biochemical reagent ("morphogene") which initiates a 
particular process, on the whole, painted microscopically, the picture of the vital activity on 
a cellular level (also on adjacent levels) looks like science fiction when each cell or aggregate 
of cells should have structures inherent in a developed state, with its schools, universities, 
hospitals, army, informers, factories and plants, and so on. It is in such a picture that we 
perceive a crisis of "atomism" as applied to living matter. 

The situation seemed to look hopeless, so even prominent scientists hardly believed that it 
was possible to give a mere outline of the understanding of living nature. While, reviewing 
the problem from a physical standpoint, we immediately realize that subject of our interest, 
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the alive, has those features that radically differ it from all standard physical objects. The 
very phenomenoa. of the development of the alive, from a seed or zygote to a grown-up plant 
or organism, is the first and most striking examples. Morcover, both in the development of 
an individual (ontogenesis) and in the development of everything alive or separate taxo- 
nomic groups (philogenesis) we observe the complication of the structures accompanied by 
the reduction of symmetry. Intuitively, it is obvious that such a picture is in a complete con- 
irast to the one that is met with in ordinary situations in inanimate nature when the ordered 
structures, being on their own, convert into the disordered ones. 

In physics (more precisely, in thermodynamics) such an asymmetry of time is expressed 
by the second law of thermodynamics that says that a certain measure of such a disorder, 
the entropy S, in a closed system ever increase to its maximal value. The entropy increasing 
law 45>0 holds in all inanimate closed systems whose behavior is described by linear rela- 
tions. 

Recali that originally the notion of entropy was introduced to describe the behavior of 
identical objects (molecules of gas, liquid, so on) in a state of thermal equilibrium at tem- 
perature T: 


45 = 


IQvey ( 1) 


T, 
where T is the absolute temperature, and dQ,,, is the quantity of heat reversibly supplied to 


the system or withdrawn from it. 

It is obvious that being applied to complex, even mechanical systems (to say nothing of 
living ones), such an approach meets some difficulties. So, the notion of the "information 
entropy" [2] has been introduced. It is 


Syr = - (/(U)In (СЮ, (2) 
0 


where f(U) is the distribution function, which depends on coordinates of the phase space ofa 
system. | 

Treating the transition from the nonalive to the alive as a nonequilibrium phase transi- 
tion, synergetics deais with the equation for the order parameter in the form Ez e(E)* F (г), 
with a nonlinear function ф(Е) and a fluctuating force F(t). For the simplest nonlinearity we 
have 


E= JE ВЕ + F(t). (3) 


One can readily show that in a stationary state the Fokker-Planck equation with the 
parabolic potential U-r? gives the following probability distribution 


f(U)aU =N exp [0-5 gu? g~ ао (4) 
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where Q is the noise intensity, and the constant М is given by Ше normalization condition 


oo 


f /(U MU =1. The parameter А is known under the name of control parameter. It determines 
0 


the transition from the state "no life" (A<0) to the state "life" (A>0). If we now make use of 
Klimontovich's S-theorem, according to which the variation of the information entropy of a 
system that undergoes a phase transition should be examined with the average energy 


o 


(0) = fur (v av, (5) 


being kept constant (і.е., by normalizing the entropy before and after the transition with re- 
spect to the noise intensity Q), we find for the energy of phase transition 


A 
Sbefore PA (6) 


After the transition, in the reasonable limit = « «1, when the distribution function is ргор- 
A 


erly approximated by the expression 
2 


Гле) = Мехр Eom : (7) 


2 
the normalization factor is found equal to N = = , 50 that 


mc 
ло 
Зале», = —ln——-4—, (8) 
after 2B 2 
Le., 
1 л A 1 
Safter ах "ue tt (9) 


Since n= <1, 


Sbefore > аер : (10) 


Le., the entropy of the system after such nonequilibrium phase transition that results in the 
formation of certain patterns of the mest general nature turns out to be less than that before 
the transition. Our intuition has not betrayed us: equilibrium thermodynamics is not an in- 
strument to cope with living systems, the informational entropy decreases within the "non- 
lifc-to-life" phase transition, and, consequently, the application of the same "atomistic" ap- 
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proaches, which are successfully employed in solid state physics, to living systems cannot be 
considered justified. So, no wonder that scientists are being nonplused in their attempts to 
understand the nature of the alive in "solid state physics." 

What is the way out of the situation arisen? 

Two circumstances have crucially initiated the today's breakthrough in understanding the 
nature of the alive. First, within recent years radical changes have taken place in the very 
basis of such seemingly "classical" and settled sciences as physics and chemistry. We mean 
the realization by scientific community of the role of the "openness" and nonlinearity of the 
systems under consideration in their functioning. This realization was being formed for more 
than a century and half, from the first description, made by John Scott Rassel, of solitary 

‘aves in testing new shapes of ships to sail in channels of England up to the creation by 
H. Haken of a new interdisciplinary science called "synergetics" and awarding the Nobel 
prize to I. Prigogine in 1977 for revealing the part of "dissipative structures" in proceeding 
from physics of "the being" to that of "the becoming." 

Unfortunately, here there is no possibility to dwell upon how the nonlinear thinking has 
penetrated into the consciousness of naturascientists. These arc amazing years in the history 
of science that have marked the understanding of the fact that the subject of inquiry for the 
up-to-date physics is not only the world formed a billion ycars ago within fractions of a sec- 
ond after the Great Explosion, but also a huge variety of surrounding objects and systems 
(both artificial and natural) for which the laws of equilibrium thermodynamics are insulfi- 
cient. 

It has turned out that in open nonlinear systems far from thermal equilibrium qualita- 
tively new, dynamically stable spatio-temporal structures may arise because of a proper 
nonequilibrium phase transition. It is the structures that we have mentioned when deriving 
the inequality 5, > Safter making it possible to reverse the "time arrow" in dissipative 
systems owing to the so-called negative increment of the entropy from outside, 45 ш <9 
which neutralizes usually positive production of entropy in closed systems, dS, ii, > 0 


AS = Softer — Shefore <0 (11) 
dS = dS ou + Чет = 0 (12) 


In other words, in far from thermal equilibrium systems due to their openness and non- 
linearity it is possible to create qualitatively new physical objects, namely long-existing, dy- 
namically stable complex structures. 

Concurrently, it has been realized that the quantum-mechanical approaches are not 
obligatory applied solely to microscopic objects whose scales are determined by Planck's con- 
stant Й. The amplitude and phase of the wave function, the spectra of eigenvalues and other 
features of quantum-mechanical systems have come into general use when describing such 
"macroscopic" phenomena as superconductivity, superfluidify, Josephson effect. 

Taking the attitude of modern ideas of self-organization, I. Prigogine has approached the 
problem of time in a new fashion, trying to solve a known paradox between time reversibility 
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in two-particle interactions and its irreversibility in many-particle interactions ("time arrow" 
of the second law of thermodynamics). This can be clearly imagined in such a way: a film 
about colliding two balls and another film about getting an ink drop into a glass with water 
are shot. The first film shown in the mode of reverse time (from end to beginning) will not 
cause any astonishment, while the "spread" of the ink drop in water during direct demon- 
stration represents a natural physical process (the entropy increases) whereas the reverse film 
in which the drop forming emerging from the volume of water is unreal, like, by the way, 
any fiction film displayed in a reverse fashion. 

Introducing the notion of internal and external time, I. Prigogine [3] has approached a 
conclusion, important for us, on the connection of time with the character of the system en- 
ergy spectrum and the periodicity of the wave function. 

An extremely profound vision of the role of spatio-phase coherence of the system in cre- 
ating effective long-distance interactions was shown by H. Fróhlich [4], the author of theory 
of superconductivity. 

Thus, by the beginning of the 80's fundamental science had already paved the way for 
trying to understand the crucial experiments called for finding a new vision of the nature of 
the alive. 

The second reason, decisive for me and my colleagues in our passing from conventional 
biophysics to physics of the alive, was the experimental discovery of the manifestation of 
eigenfrequencies of a human organism in 1982. Of course, these results were achieved not in 
a blank space. The first experimental results were published in 1969-1972. They started a 
series of the works carried out in different laboratories all over the world until the present 
time under the common title "Effects of resonance interaction of low-intensity mm-band 
electromagnetic radiation with biological objects." 

Generally recognized achievements of scientists of the city of Kharkov (Ukraine) in the 
development of pilot mm-band equipment (operated by backward tubes) contributed to the 
fact that namely in this city in 1969-70 biophysicist N.P. Zalyubovskaya using the experi- 
mental base of the local State University pioneered in the research [5]! . 

We do not think that dozens of other papers and books published on this topic up to 
1984 had something radically new. Only, the works by S. Webb are an exception, for he was 
the only one who managed not only to succeed in extremely complex experiments on direct 
measurements of the mm-band absorption spectra peculiarities of biological systems [6], but 
also to make a comparative analysis of such spectra taken on the specimens of healthy and 
diseased (cancerous) tissues [7]. 


1 "Pronounced biological activity” of the mm-band waves, concerning biological objects of different nature 
(microorganisms, isolated cells, fruit fly, experimental animals, namely white rats and mice), was shown. The exami- 
nation was made by using the known microbiological, virusological, biochemical, biophysical and other methods. The 
radiation power density was 1mW/cm?, and the band was from 1.7 to 8.0 mm. The action was resonant in character 
(within the band of 6.5-7.1 mm) and showed itself through the change in the intensity and in the character of the 
course of life processes. By the author's definition, the resonant character of the effect "consisted in the fact that irra- 
diation of a certain wave length yields a different result than irradiation of another wave length even sufficiently close 
to the former." 
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What was the most striking and incomprehensible to current science in those experimen- 
tal results? Of course, it was the nonthermal and resonant character of the effects. As is al- 
ready mentioned, the line spectra of eigenfrequencies are inherent in the nuclear, atomic and 
molecular levels of matter organization. More heavy structures (including "heavy" protein 
molecules), if left free or, say, in a gaseous state, should oscillate with lower frequencies than 
those usually related to molecular spectra. With real values of the coefficient of elasticity, for 


a mass of over 100,000 fs = = falls with the range 10!9+10!! Hz, i.e., just fits the mm 


band of the electromagnetic spectrum? . However, in condensed media due to thermal mo- 
tion the linewidths exceed, as a rule, the intervals between them. Therefore, the existence of 
characteristic line spectra in the mm band was considered unreal. For exactly this reason the 


experiments in which resonances with Q-factors О=100 and more (0 res 
1/29 res 
served suggest that a scientist meets a certain peculiarity inherent only in living systems. 

No wonder that after N.P. Zalyubovskaya and S. Webb manv scientific centers in differ- 
ent countries started working on the resonant response of living objects to the mm-band elec- 
tromagnetic radiation. In the Soviet Union the research was headed by academician 
N.D. Devyatkov, in Germany and Italy it was conducted at the Max Planck Institute and at 
the Milan University, respectively. A huge contribution to the comprehension of the ob- 
tained data was made by H. Fróhlich (see [4]) who extended the idea of coherency (which 
was assumed earlier as a basis of theory of superconductivity) to biological objects. How- 
ever, in a short time optimistic expectations, initially reposed in that research, changed into 
disappointment: scientists were not able to succeed in trying to reproduce the results, even if 
obtained under seemingly identical conditions, i.e., to satisfy the requirement of reproducibil- 
ity. In time it has become obvious that nonreproducibility of results is connected with the 
fundamental unidentity of the objects under study with respect to the features unknown Бу 
that time [8]. 

The discovery of these features was initiated by physicists of the Kiev State University, 
Ye.A. Andreyev, M.U. Bely and S.P. Sit ko. In 1982 they informed the scientific community 
of their discovery of "the manifestation of the characteristic eigenfrequencies of the human 
organism" [9,10]? . Then employing the quantum physical terminology in studying the alive 
was a reflection of authors’ emotions excited by the observed phenomenon than a profound 
comprehension of its place in the Knowledge of the world around. Such comprehension came 
much later. 


aro«ob- 
) 


2 The classical expression for the oscillation frequency e a = уйл where К is the coefficient of elasticity, and т 
р : — y 
is the mass yields, gives as is known, a proper order of magmitede when joining the quantum and classical considera- 
tions. 
5 Their investigations were initiated Бу umcommmommess of the results obtained іп 1979-80 by physicians 


I.S. Cherkasov and S.V. Nedzvetsky [11] я hen є with the aid of Ше skin-effect. They have 
discovered the "side" effective medicinal action rowave (5-6 mm) electromagnetic radiation 
(EMR). For example, duodenal ulcer healed under the action ef EMR on the eye or occipital area of the head. 
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As for 1982, it was established that, if diseased, a human organism found an extremely 
high sensitivity to the mm-band electromagnetic fields (EMF), which was resonant- 
dependent on the EMF frequency and localized on the body surface. This sensitivity mani- 
fests itself in the fact that during the resonant action upon the organism via biologically ac- 
tive points (BAP) there occurs a steady restoration of the functional.state of the organism, 
i.e., treatment, with the EMF-sensitivity being reduced, so that the complete recovery is 
characterized by the loss of this sensitivity. 

What was the singularity of the described phenomenon? Why was it impossible to explain 
it in terms of physics, biology and medicine of that timc? We may quote scveral such peculi- 
arities of the phenomenon. 

First. It is an extremely low level of the power at which an effective action upon the or- 
ganism happens. 

Originally, in the experiments on protozoa, typical output power of employed EMR sources 
was up to 1072 W/cm2. It was almost the threshold of the measurable thermal effects and 
therefore initiated many and protracted debates whether the action was of a "thermal" or 
"nonthermal" character. Nowadays, the effective power level becomes many orders of magni- 
tude lower, both in detecting resonances of the action function for bioobjects and in clinical 
practice. The up-to-date threshold power is 10712 to 10-18 W/cm? that is billionths as many as 
not only the level of thermal radiation per unit of the skin surface, but also that of the fluc- 
tuations in this radiation. 

Second. There are macroscopic distances between an area of the effective action and a 
subject of treatment (a diseased organ). 

It was showed that in the experiments under analysis BAPs coincide with the location of the 
points usually affected in acupuncture [12]. From existing knowledge of acupuncture it is 
known that the corporal acupuncture points are located largely along specific trajectories on 
the human skin surface (Chinese meridians) non-correlated with morphologic structures. It 
should be also noted that, as a rule, the most pronounced medicinal effect can be achieved 
when the EMR affects the maximally distal ВАР» (i.e., the first or last points of a certain me- 
ridian that are located on the fingertips of the hands and feet). Thus, often we may speak 
about distances of tens and hundreds of centimeters. While, it is known that, on penetrating 
| mm of a water solution; the mm-radiation intensity becomes weaker by a factor of almost a 
thousand (!). 

Third. It is a line character of spectra of the mm-EMR action upon living organisms. 

This problem is discussed above about experiments on the more simple biological objects. It , 
has been concluded that, as for solid state physics, in condensed media the transitions in the 
mm spectral band which corresponds to discrete states of a one-particle type, i.e., to 
Q-factors>100, cannot be observed. 

Forth. It is a striking fact of the one-directed action of the mm EMR, from a state 
"illness" to a state "health," with no response from a healthy person. This in essence defines 

the healthy organism (as such that does not perceive the external mm EMR in indicated re- 
gime of action). 


12 


CONCEPTUAL FUNDAMENTALS OF PHYSICS OF THE ALIVE 


With this, we can understand bad reproducibility of experimental data on bioobjects of more 
simple organization than that of the man (see [9]). To be alive is only necessary but not suffi- 
cient condition to show a resonant response to the low-intensive mm EMR. In addition, the 
location of the action and the presence of functional disorder is important. Besides, the 
"treatment effect" always changes the corresponding EMR-target. For these reasons, to speak 
about reproducibility on a single living "specimen" is incorrect in principle, excepting only the 
experiments on some protozoa such as intestinal bacilli E.coli with imbedded A-prophagues. 

The problem of data reproducibility must be treated from another point of view. 
Namely, we must go from the action function based on statistics of a single object to the 
action functions statistics of many one-type objects. Concerning the man, the implication 
involved is that the treatment effects achieved with the aid of the mm EMR must become an 
experimental basis of the outlined conceptions of the nature of the alive (see paper by 
S.P. Sit'ko, L.N. Mkrtchian, V.D. Zhukovsky et al.). 

The new treatment method, called Microwave Resonance Therapy (МЕТУ), involves many іп- 
terconnected procedures, viz. fitting a therapeutic ("resonant") frequency, or frequencies; se- 
lection of duration of the action upon a given point and of the session as a whole; choice of 
the action mode and parameters of the beam (its dimensions on the body surface, polarization 
and orientation about the meridian trajectory, power, spectral composition); choice of the 
session reiteration mode; studying combinations of the action with drugs; determination of the 
patient's regime before and after treatment sessions, including the necessary levels of comfort 
and other conditions within the treatment; choice of EMR devices and their combinations, so 
ont. 

A theoretical explanation of the listed peculiarities of the MRT treatment phenomenon 
becomes possible only in the context of quantum mechanics. 

We assume that a macroscopic living object is an integral macroscopic quantum me- 
chanical system. With this, the multiform differential stability of the alive (differentiation 
and stability of the species and individuals) can be explained with the aid of the general 
principles of quantum mechanics, i.e., principles of identity and discreteness. As it is known, 
these principles are the basis of a physical explanation of the multiform differential stability 
on other levels, molecular, atomic and nuclear, of quantum organization of nature. 

To be considered as a whole in the quantum mechanical context, the macroscopic system 
must possess nonlocal self-consistent potential. As to formation of the characteristic (cigen) 
frequencies of the system, it is determined by certain selection rules that convert the transi- 
tions between one-particle levels, formed according to the Schrédinger equation in the po- 
tential well, into a discrete spectrum inherent only in a given object. 


4 By January 1,1993 MRT was successfully applied in treating about 200,000 patients at hundreds of clinics, 
hospitals and scientific institutes in the FSU and beyond its borders (see Appendix). 

MRT was substantiated with satisfying all conventional canons of a medical research: organization of homogene- 
ous groups to perform placebo, double blind control, evaluation of the efficacy of different MRT techniques as com- 
pared with drug treatment, acupuncture, laserpuncture, electropuncture, magnetic therapy; performance, apart from 
clinical research, of biochemical, immunological, biophysical, histological, virological, microbiological and genetic 
ones. 

In addition, the special diagnostic facilities were involved which made it possible to watch the patient's state in real 
time, i.e., to monitor continuously the measurable parameters in the course of a session. 
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Unified macroscopic potential, in which the quantum mechanical events may happen, 
can be created only with the proviso that there exist certain long-distance forces. As shown 
by H. Fróhlich (see [4]), such forces emerge as a certain effective long-distance interaction in 
the presence of spatio-temporal coherency of a laser type. 

Let us show that existence of stable limit cycles maintains the potential profile of a space 
in which an open nonequilibrium macroscopic system сап be described іп a quantum me- 
chanical way. 

Most generally, the vibrational motion in a system characterized by the paramceter q is 
described by the following equation 


mj yg kq 0 (13) 
where the second and third terms in the left-hand-side define, respectively, the damping 
(-уд) and driving (-К4) force of Ше oscillator. 

In the case with an "overdamped" state, where a strong coupling with the environment 
suppresses really oscillatory processes, the first term of Eq. (13) is negligible, so that 


yd kq 0, (14) 
or, making an appropriate time scale, t =y Г’ we have the general form | 
із F(). (15) 
Here H. Haken [13] for description 
V a employs the potential V(g) related to the 


dV 
force Ма) by F(q) = -—. 
dq 
Indeed, if we take the harmonic oscilla- 
tor force F(q) = -kq in the capacity of the 
force, then, besides an additive constant, 


Ж 
we obtain V(g) = n The plot of V asa 


function of д (Fig. 1) allows the potential 
curve to be interpreted as the slope of a 
hill, with a certain body placed on that 
slope. At the point 4 = 0 the driving force 
vanishes, and Eq. (15) yields 4 «0, i.e., in 
do case of deflection from the point gy by any 


Fig.1l Visualization of the stable solution of the value, the body returns to the stable equi- 
equation 4 = -Kq, (a; -0) by introducing the librium state 4670. 
potential energy V(q) = kg? /2 interpreted as Even more visual is the two- 
slope of a hill down which the mechanical dimensional case, when the depicted figure’ 


Object moves is rotated about the y-axis through 360°, 


i4 


CONCEPTUAL FUNDAMENTALS OF PHYSICS OF THE ALIVE 


making a vessel like a test-tube, broadening upwards. It is understood that the center of the 
bottom is a stable equilibrium position for the drops running down by the walls. (The behav- 
ior of a drop, wetting glass and running down by the walls, is a more appropriate model of 
the processes described by Eqs. (14,15) than the behavior of a rigid ball falling back down 
the hill, since in the latter case the first term in Eq. (13) cannot be omitted, and the ball mo- 
tion will be of a type of damped oscillations about the point q). 

As mentioned above, the self-organization processes are conditioned by the medium non- 
linearity. This of course must be reflected in nonlinearity of the equation that describes the 
medium dynamical behavior. The simplest nonlinear addition to the harmonic oscillator 
driving force is a cubic term, holding the invariance of ‘Eq. (15) under the transformation 
q — -q and the axial symmetry of the potential, i.e., 


F(qg) = ка куд, (16) 
and 
2 4 

, к К 

і фе (17) 
2 4 ` 
Therefore, 

= -kq -kg (18) 


The equilibrium points are determined by 4=0. Here we have two qualitatively different 
situations, corresponding to whether k > 0 or k « 0: 

а) К >Oandk, >0 

The potential does not qualitatively differ from that depicted in Fig. |: there exists the 
only stable equilibrium position, q = 0; 

БА <0 andk, >0 | 
There exist three solutions of the equation 4=0: one unstable solution at д; = 0 and two 


stable ones, at 


(19) 


with k passing zero, the potential becomes of the form depicted in Fig. 2. Proceeding from 
our one-dimensional problem to a two-dimensional problem, we have to rotate that curve 
about the V-axis. In so doing, we obtain a profile like a bottle bottom. Having been dis- 
placed by a random (fluctuating) force from the unstable equilibrium position (4 = 0), the 
body spirals down to the domain of the potential energy minimum and then rotates around 
the valley of the "bottle bottom” according to the following equations given in polar coordi- 
nates: 
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фе F(q, p) (20) 
ф= 0 ? 
or, which is equivalent, 
x= q(p)cosp (21) 
у= 4(Ф)ѕіпф 


It is for such a periodic motion, ехе- 
cuted in general in a phase plane, which 
the term "limit cycle" is used. Intro- 
duced by H. Haken only to illustrate 
the self-organization process in terms 
of mechanics, usual for physicists, this 


p l е; mutual correspondence between а po- 
Fig. 2 The Landau-Haken potential whose origin in a tential sh Р 4 h t f б 
self-organizing system accompanies the limit- ential shape and a character of the 


cycle solution of the nonlinear differential system's behavior in a nonlinear me- 
equation 4 = -kq - kig, (к «0 kj > 0). dium (i.e., limit cycle) has in fact a pro- 
found and fundamental sense. 

The fact is that in a dissipative sys- 
tem beyond the threshold of a non- 
equilibrium phase transition (i.e., with 
the origin of coherency and, conse- 
quently, of the long-distance forces) 
there may arise very many types of 
waves of a collective nature. As known, 
theory of nonlinear differential equa- 
tions allows the originated patterns to 
be classified. Usually the corresponding 

X solutions describe the patterns whose 
phase-plane | representations | either 
change in time or are unstable with 
respect to small perturbations. These 
are solutions referred to, in view of 
characteristic behavior of their trajec- 
tories near singular points on the phase plane, as focus, node, center, saddle point and oth- 
ers. 

However, there exists a particular class of solutions, periodic in time, whose representa- 
tions in a phase plane are closed curves (in particular, a circumference) and called limit cy- 
cles. Therefore, if there has occurred a limit cycle in the coherent system (Fig. 3), then it 
means that there has arisen a potential similar to that depicted in Fig. 2, i.e., attracting the 
trajectories from the domains of both smaller and greater radii. It is just the same potential 
that is necessary for describing the living system as an integral quantum mechanical object. 


Fig.3 The limit-cycle solution of the nonlinear diifer- 
ential equation 4 = —kq =, (k <0 and k,>0) 
in phase plane (x,y) 
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Can we assume that the biological coherency, observed in the living systems, is based on 
the existence of the coherent electromagnetic field of the organism over the mm range, corre- 
sponding the band 40 to 70 GHz of the observed characteristic (eigen) frequencies? 

On the face of it, such a hypothesis is too bold, especially with allowance for real features 
of the medium in which the oscillations are implied to propagate. Nevertheless, a more de- 
tailed analvsis of the conditions for the coherent mm-band electromagnetic radiation to oc- 
cur shows that in water media with the proviso hy>>kT such transition are much more fa- 
vorable those for the usual optical laser band [14] (sce also the paper by the same authors in 
the present issue). At this point it is essential that an inverted population of corresponding 
active centers is achieved, in the case with the alive, by a metabolic mechanism of the pump, 
but via a chain of structures embedded to one another (we called this chain "hierarchy of 
dissipative systems" [15]). Thus, the synergetic description of the alive is a necessary condi- 
tion for its quantum mechanical description. 

Joint analysis of the ordinary formulae of quantum physics and theory of radiation 
yields that the ratio of the rates of stimulated and spontaneous emission of s resonance 


Lstim | 


Рурот І We -1 


! 
that for the mm range and at room temperature, when =, it passes іо 


frequency E, - E, = Ли іп a material kept at temperature T reads 


Pigs kT 
pem аз —— 2:100, that is when keeping the inverted population regime going by way of 
spont v 


the metabolic pump on all levels of the dissipative structures in the hierarchical chain of an 
organism, one appreciably facilitates the transition to a coherent regime. Therefore, in spite 
of strong absorption of the mm-band radiation by water media of the body, the organism 
can sustain the maser regime of functioning, even suffering some losses (see [14]). 

In the end, the inverted population of the active centers, represented on the organism 
level by the cells, makes it possible to translate all the variety of hereditary information 
stored in DNA into the coherent EMR language. According to conceptions of physics of the 
alive the biochemical reactions in cell during this retranslation as well as the quadra- 
dimentional dynamics of its structures take the most direct participation in ruling the 
"maser" chemical pumping and frequency selectivity of membrane resonators. 

It is worthy to put emphasis on the mechanism of the self-consistent electromagnetic po- 
tential formation of the whole organism. 

Of various forms of arising, propagating and decaying patterns of the system's coherent 
waves beyond its nonequilibrium phase transition threshold, we will be interested only in 
non-attenuated time-periodic wave structures, i.e., limit cycles. Then it is natural to consider 
the Chinese meridians (which form the basis of the BAPs system of the classic Chinese acu- 
puncture) as coherent traveling electromagnetic waves, forming limit cycles. Accordingly, the 
Chinese meridians and other limit cycles of the organism's electromagnetic fields make up 
something like its "eléctromagnetic frame." Being a transmitter of genetic information, this 
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frame is created by all cells of the organism and simultaneously holds the organism's stabil- 
ity. 

With this, a radical possibility is being cleared to answer the questions unresolved by 
modern theoretical biology, such as: "Why do the individuals differ from each other, with 
this difference holding?" Controlling cell divisions and differentiation in the processes of 
growth and morphogenesis, the "electromagnetic frame" connects the molecular intracellular 
processes of protein synthesis to the supra cellular macroscopic features of the system: shape 
and proportions of the body, its morphological structure, so forth. 

Attacking the alive from the quantum mechanical standpoint, to describe the organism's 
state we may introduce such quantum mechanical notions as a state vector and statistically 
construct the basis of a space of such vectors. By using the sets of simultaneously measured 
clinical indices taken from each patient of a given group under study to determine his (or 
her) vector of state, we can trace the dynamics of the transition of the patients from the state 
"illness" to the state "health" (see paper by L.S. Phinkel in this issue). In other words, we may 
represent empirical data on clinical indices in terms of "observables" of the organism as a 
quantum mechanical system. 

We hope that all this has amply shown the constructivity of physics of the alive, an ap- 
proach to the organism as a dissipative structure that dynamical stability is that of a macro- 
scopic quantum object. This approach has alse turned out to be fruitful in "going down- 
stairs" along the Weisskopf quantum ladder, from the alive to the atomic nucleus. In so do- 
ing, we may overcome the difficulties unresolved both in several "fundamental sciences" and 
in the very quantum mechanics [16]. 

Apart from being satisfied with the fact that the proposed conceptual fundamentals of 
physics of the alive add our ideas about the alive to the world outlook created by modern 
natural science, we may quote some direct outcomes that fill this conceptual shell with a 
concrete content. | 

In particular, in the empirical basis of physics of the alive there can be added not only the 
results of specially performed experiments, but also: the topology of the ancient meridian 
network examined within the scope of nonlinear electrodynamics (see [14]); the papillary pat- 
tern, examined as for wave optics [17], ош fingers, palms and feet; the system of visual per- 
ception and storing images, examined in converting information from the optical (visual) 
band to the mm band of the intrinsic characteristic (eigen) frequencies of the organism (see 
V.V. Gizhko's paper). Many theoretical studies in the field of physics of the alive can be also 
referred to as those based on well-known data accumulated in various laboratories through- 
out the world for many years. We mean, first, the proof of a self-consistent character of the 
bistable functioning of membrane ionic channels [18], an explanation of the mechanism of 
affecting living objects by applying ultraweak radiation as for disruption of the regime of 
genetic code retransmission and with allowance for a collective nature of the "resonant" per- 
ception of the low-intensive mm-band EMR by biomolecular structures ([19] see also 
А.А. Serikov's paper), and analysis of the general conditions for a nonequilibrium phase 
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transition to occur in the presence of external electromagnetic field (see paper by 
A.V. Chaly). | 

Of specially performed experiments that have determined our up-to-date vision of the 
problem of the alive, we may put emphasis on the following: the discovery of the resonant 
peculiarities of functions of the mm-EMR action upon the human organism (see [9]), 
genome conformational states [20] and amino-acids [21]; the studies of these [21, 22] and 
therapeutic effects [23] of the mm EMR action at the densities that correspond to extremely 
low photon flux intensities; an clucidation of the influence of the circular polarization direc- 
tion on the character of resonance peculiarities of functions of the mm-ER action upon 
bioobjects and MRT treatment effect; the investigation of water behavior dynamics under 
conditions close to those in the organism [24] (this allows an idea of water in the organism as 
its "physical vacuum” [25] to be substantiated); close to the same direction are the holo- 
graphic studies of the regimes of the blood plasma behavior in the mm-radiation field [26]. 


Today, Physics of the Alive is a research program in which synergetic and quantum 
principles merged. This integration allows a profound theoretical description of the alive to 
be given, basing on the fundamental role of the coherent electromagnetic mm-radiation field 
in the origin, existence and stability of the living organisms. 


КОНЦЕПТУАЛЬНІ ЗАСАДИ ФІЗИКИ ЖИВОГО 


С.П.СІТЬКО 


У взаємодії фундаментальної фізики з біологією та медициною досі вбачався лише один 
напрямок, а саме - використання останніми фундаментальних здобутків різних галузей фізики, 
що сформувались на вивченні структури суто неживої матерії. Фізика живого виходить 3 
уявлень про те, що живе є четвертим рівнем квантової організації природи після ядра, атома, 
молекули, тобто само є джерелом if об'єктом нового розділу фундаментальної фізики. 
Розглядаються передумови існування самоузгодженого синергетичного потенціалу типу 
Ландау-Хакена в самостійно функціонуючих живих системах. 


Експериментальною основою цих нових уявлень про шляхи реалізації генної інформації на 
макроскопічному рівні цілісного організму є результати наукових, клінічних та 
експериментальних досліджень впливу наднизьких рівней електромагнітного випромінювання 
мм-діапазону на біологічні об'єкти різного рівня складності. Важливим аргументом в аналізі 
цих результатів є можливість поновлюваги функціональний стан організму людини (лікувати) 
ліченими квантами електромагнітного випромінювання (~1072° Вт/Гц-см?), що продемонетру- 
вала квантова медицина на масиві в 250,000 пацієнтів. 


КОНЦЕПТУАЛЬНЫЕ ОСНОВЫ ФИЗИКИ ЖИВОГО 


С.П.СИТЬКО 
Во взаимодействии фундаментальной физики с биологией и медициной доселе 


`просматривалось лишь одно направление, а именно - использование последними фунда- 
ментальных результатов из различных областей физики, сформировавшихся на изучении 
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исключительно неживой материи. Физика живого исходит из представлений о TOM, что живое . 
является четвертым уровнем квантовой организации природы после ядра, атома, молекулы, т.е. 
само по себе является источником и объектом нового раздела фундаментальной физики. 
Рассматриваются предпосылки существования самосогласованного синергетического 
потенциала типа Ландау-Хакена в самостоятельно функционирующих живых системах. 


'"Экспериментальной основой этих представлений о путях реализации генной информации на 
макроскопическом уровне целостного организма являются результаты научных, клинических и 
экспериментальных исследований по влиянию сверхнизких уровней электромагнитного 
излучения мм-диапазона на биологические объекты разного уровня сложности. Важным 
аргументом в пользу новых представлений при анализе результатов является возможность 
восстанавливать функциональное состояние организма (лечить) считанными квантами 
электромагнитного излучения (~10720 Вт/Гц ·см2), что продемонстрировала квантовая медицина 
на массиве в 250000 пациентов. 
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Bistability Conductive States of Cell Membranes 
as an Example of Appearance of Discreteness in 
Non-Eauilibrium Media 


V.A. CHINAROV, М.М. KHARKYANEN 
Scientific Research Center "Vidhuk," Kiev, Ukraine 


The methodological aspects and general mechanism of the appearance of steady states in different 
nonlinear systems with strongly interacted subsystems are considered. The effective self-consistent 
field approximation consisting of single-particle description for every subsystem as well as collective 
one for the whole system is used. The realizations of this idea in different physical systems are: 
Hartree-Fock method - for the many-particle systems, adiabatic Born-Oppenheimer approximation — 
for molecular systems, Weiss molecular effective field - for the system of ordered magnetic spin mo- 
ments. It is shown that adiabatic approximation that takes into account the interaction between fast 
charged and slow conformational motions in biomolecular systems which regulate an electron and ion 
fluxes through biomembranes, describes the arising of new stable molecular states as a result of their 
dynamics coordinated with ion fluxes. It is assumed that in complex biological systems this mecha- 
nism may lead to the appearance of discrete set of dynamically stable structure states consistent with 
all thermodynamic fluxes due to the of non-equilibricity of a system. 


( Received May 20, 1993) 


1. INTRODUCTION 


From the thermodynamic point of view the biological objects are highly non-equilibrium 
systems operating far from equilibrium point. The approach developed here considers the 
biological systems as nonlinear dynamic structures whose self-organizing properties appear 
due to the dissipative processes that arise when a system interacts with an environment. 

The discovery of characteristic eigenfrequencies of the whole organism in mm-band range 
established a new paradigm in the developing of quantum physics of alive which consider 
macroscopic living object as macroscopic quantum system with its manifold differential 
stability properties being similar to other micro-objects with complex internal structures 
(nuclei, atoms, molecules) [1]. The spectra-of-action discreteness is only one of the quantum 
nature manifestations. The more basic idea consists in a general description of macro- 
systems by means of a unified function like the «, ¿antum wave function. This is the complete 
realization of the principle of coherency representing the base of quantum mechanics. The 
macroscopic quantum phenomena such as Bose-condensation, Josephson junctions, etc., are 
well-known also. Starting from the notable Fróhlich's paper [2], the attempts are repeated to 
insert these topics of quantum theory into description of biological systems. We will assume 
here that the self-organization phenomena are inherent in biological processes on all the lev- 
els of structural organization of living matter, starting from a molecular level. The nature of 
the self-organization properties is tightly connected with the nonequilibricity in a living sys- 
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tem, when a comparatively small part of substance represents the fast nonequilibrium com- 
ponent (on a molecular level). The latter create the nonequilibrium conditions for more slow 
and more macroscopic components and induced their self-organization. Such a situation 
requires developed hierarchic structure of a system. 

We will apply these ideas as well as those based on the intensively developing theory of 
open systems functioning far from thermodynamic equilibrium (synergetics, or self- 
organization theory) for the analysis of mechanisms of functioning of concrete biological 
system: the system of ion pores (ionic channels) in biomembranes. The ionic transport 
through the channels of biological membranes is an essential process providing functioning 
of different cells. It is due to such a process that appropriate inner-cell ion constituent and 
outer-cell media is creating and functionally needed transmembrane potential difference is 
maintained. 


2. THE GENERAL MECHANISM FOR THE APPEARANCE OF STEADY STATES IN 

THE DYNAMIC NONLINEAR SYSTEMS 

There are many physical and biological systems in which qualitatively new states may | 
arise because of interaction between different subsystems. The examples given below one can 
prolong practically endlessly: the appearance of stable states in hydrogen molecule because 
of the interaction between electrons and nuclei, and, in general, the arising of steady states in 
many-body systems, the appearance of ordering under the spin interaction in magnetic crys- 
tals. The corresponding examples relating to concrete biological systems will be considered in: 
the next sections. 

We will consider the general mechanism of the appearance of steady states in different 
nonlinear systems consisting of interacted subsystems (for the simplicity we consider here 
only two subsystems). The dynamics of such a system may be described in the general case 
by the equation for the partition function (in a classical limit) or the density matrix (in a 
quantum limit) 


àp/à t =а[И,р |= Lyp, | (2.1) 
where о is a constant defining appropriate quantum analogy for the Poisson brackets which 
is a multiple of a commutator for the corresponding operators (a = -i/h), Ly is the Liouvil- 
lian type operator and the Hamiltonian is of the following form 

H=H(1)+H(2)+V(1,2). (2.2) 


The projection operator method combined with the representation of the density matrix 
in a factored part and nonfactored one (correlation portion of the full density matrix ф) 


р(1,2) = p(1)p(2)+@(1,2), (2.3) 
P0) = 520/112) (1.7 = 12) Q4 


gives the infinite linked chain of coupled equations of the form (for the quantum case) 
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тар (1)р (2)/аг = £2 р(1)р(2)« (РО) PO), Q5) 


; A И à 
ihap/at = уст P (1) (2) + Lie + (7 - Р(1)- Р(2 У гуд» (2.6) 
where / is a unit super-operator, Pisa projection operator defined as 


P(i)e(12) = p5p; (1.2), р, = 5р „ур, 2.7) 
where g(1,2) is an arbitrary function, and // em is defined as 
HE „не? но, (2.8) 


Here effective Hamiltonian 7 em is defined by the equation 


He = H, +) jai): (2.9) 
where 
War) = SP; (р, у) (2.10) 
and p, = Sp. у із a minimal approximation getting the result (for this approximation we 
neglect the correlation term ¢) 
6(12)- Р(9Р0), (2.11) 
пәр/ә =[H 6, | i,j «12. (2.12) 


In other words, we have obtained here the self-consistent field approximation (SCFA) 
which permits to keep the single-particle motion representation while considering collective 
effects because the field by itself depends also on subsystems motion. 

Various physical reasons and corresponding parameters of smallness in each case allow- 
ing to uncouple tbe infinite linked chain of coupled equations are existing. For the hydrogen 
molecule the parameter of smallness is determined through the relation of inert heavy nuclei 
to light electrons and SCFA is nothing more than adiabatic Born-Oppenheimer approxima- 
tion where the time scale for electron motion is much shorter in compare to those for nuclei. 
Then the wave function may be represented in a factored form 


Чт (Rr) = Фут (Ryo, (R.r), (2.13) 
where (my) are electrons and nuclei quantum numbers and ¢,,(R,r) is an eigen-function of 


the operator По = T, «V (А.ғ) in the adiabatic approximation 


Ho 9, (R.r) = E n (Кри (R.r). Q. 14) 
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When averaging of the type (2.10) is carried out, we may neglect the averaging over nu- 
clei's wave function Ф„„(К), therefore the interaction depends on nuclei variables as on pa- 


rameters (and e, (R) = (Ф (Ror )Ho' Фи(к.г))), corresponding nuclei motions are close to 


classical motions and effective Hamiltonian is of the form 
н“ (в.г) = (o, (Ror HP» (R.r). (2.15) 


For the many-particle systems SCFA is introduced via Hartree-Fock method [3] in which 
the strength of a pair correlation may serve as a perturbation because the effective Hamil- 
tonian including averaged inter-electronic potential does not contain correlated electron mo- 


tion in molecular system [4]. Here 
N 
н-Ун,+ УИ, i (2.16) 
i іні 
where Н, is the Hamiltonian operator Гог the electron in an atom (the nucleon in а nuclei, 
etc.), V; is an interaction between i and j particles. 


The generalization of the previous consideration leads to the Hartree-Fock approxima- 
tion as a product of the single particle wave functions | 


W(F.A,....Fy ) я А 3, ) Фу). (2.17) 


Then functions ф(7,) may be found from a nonlinear system of integro-differential equa- 
tions 


[27 -е, b, =0,(j=12,..N), 


N 
He - Ну У for V, Фі at; , (2.18) 


із) 


which is equivalent to Eqs. (2.9)-(2.12). The parameter of smallness here is the ratio ої the 
matrix elements of non-adiabaticity operator to the energy difference of electron-vibrational 
discrete levels. 

For the system of ordered spin moments the reciprocal to the number of nearest neigh- 
bors in spin lattice is a parameter of smallness and SCFA is a Weiss molecular effective field " 
[5]. The original Hamiltonian has the following form 


N N 
н-2Ул, 5,5) - gp Но NS, ; (2.19) 
іє) і 
where the first term is ап spin-spin interaction energy, the second term is a system energy in 
the external field Hj | OZ-axis, Jjis an exchange electron energy, f is a Bohr magneton, and 
g is a spectroscopic spin splitting factor. 
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Selecting the single-particle Hamiltonian from (2.19) we may obtain after the averaging 
procedure similar to (2.10) the effective magnetic field or the Weiss molecular field H y as 
those 


Н .-S ity, (2.20) 


where 
- N p 
Hy = (22/ев)У(8,) (2.21) 
; 


and the summation is fulfilled over the nearest neighbors. 

In contrary to the examples described above biological systems are essentially open sys- 
tems and as a rule we may observe the existence of particles (charges) fluxes interacting with 
structural fragments of different macromolecules. In this case the parameter of smallness is 
determined by the ratio of time scales of slow conformational motions and fast transfer par- 
ticles processes. The fast subsystem being open permits to control effectively its kinetics 
varying the degree of non-equilibricity of a system and to change the effective non- 
equilibrium potential bringing therefore the systern to such a condition that new discrete 
states may appear (i.e., the non-equilibrium phase transition is occurred). 

The type of concordance between different hierarchic levels of biosystem is such that the 
lower level being essentially fast, depends on the dynamic variables that belong to the higher 
level. These variables are control parameters for the equations that describe the lower level 
and respectively, the equations of motion for the slow variables of the higher level are de- 
fined by the summarized influence of the fast subsystem, i.e., they depend on its density dis- 
tribution function when the slow variables are fixed. | 

The non-equilibrium parameters of the fast subsystem are, in turn, control parameters 
for the slow subsystem. This gives the possibility to alter effectively the nature of the effective 
potential. For example, the changing of its shape accompanied by the appearance and dis- 
appearance of additional minima, leads to the variety of types of dynamical behavior of a 
system (i.e., the appearance of bifurcations and so on). 

Therefore, when the biological system is considered in vitro the control parameters are 
given and we may observe significant synergetic effects such as appearance of new dynamic 
steady states, multistability properties, and non-equilibrium phase transitions. 

However when the subsystem is a part of a living matter, the control parameters are not 
given, they are tuned in a self-consistent manner to the whole biosystem and this leads to the 
other type of its functioning. Here the system stability that becomes apparent at the molecu- 
lar and submolecular levels of matter organization may involve vacuum fluctuational phe- 
nomena. The intrinsic energy of the vacuum state that have been observed for example in 
anomalous Lamb effect, may be physically effective providing the maintenance of stability 
structure and biosystem function due to coherent dynamics that is affected by the subsystem 
interaction. 
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3. SELF-ORGANIZATION OF IONIC CHANNELS OF BIOMEMBRANES 


The basic processes taking place in biosystems on the molecular level consists of the con- 
formational (mechanical) motions of the protein molecular fragments. For example, the en- 
zyme active centers, gating processes in the ionic channels [6,7]. Ligands with low-molecular 
weight as well as electrons and ions interacting with some structures of biological macro- 
moiecule are initiators of these conformational alterations. Therefore, we have to deal with 
the interaction of particles fluxes and macromolecule mechanical degrees of freedom. 

Let us define the Hamiltonian for the ion moving in the channel 


H(r,X) = Hos (tr) + Hon QE) Vim (х). G.1) 
Here the ionic Hamiltonian may be written as 
2 
т | ак : 
Hon (е) = zi +V(r), (3.2) 


where m is a mass of the moving ion, V(r) is its potential energy. 
The Hamiltonian for the channel (conformational) variables may be written as 


, P AL 
Ha (X)- У сов МАЗІ (3.3) 
k 


where M, is a mass of the conformational variable Xy, МОХ is its potential energy. 
The term V,.(r, XY) in Eq. (3.1) defines the interaction energy between moving ion and 


some molecular groups of the channel-forming protein macromolecule. 
Corresponding equations describing the evolution of such a system have the following 
form 


d^x, iv,  o({y,}, ] 
My Е Чо » pix и +6 х (Кх, ke), (3.4) 
2 pp 
> d i +n, ar х9 З. (st), (3.5) 
dt dt дк 


where 7 у and п are viscosity coefficients, Е y (x, ki) and 5 t) are random forces. 

We introduced the random forces to the right-hand-side of Eqs. (3.4) and (3.5) for the de- 
scription of a real behavior of the macromolecule forming the pore and the moving ion. In 
the simplest case they don't depend on X, and are time functions only. For the delta- 


correlated noise we have 


§(t)§(t +t) «206 (є) (3.6) 
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(the line above denotes an cnsemble average, D is a constant characterizing the intensity of 
the noise). 

The corresponding particle's probability density function depends on the spatial distribu- 
tion of these particles and may be determined from the Fokker-Planck equation | 


ЭР(Х, тг) "se [agb re pn] Я 


ді ax 


sb (r) +Ving тут] «Da? Pli, (3.7) 


where D, and Dy are diffusion coefficients. 


We propose here such a version of the theory that corresponds to the case when confor- 
mational motions are slow in comparison with characteristic times of single particle motion. 
Then an average conformational potential of the macromolecule that is determined by its 
dynamic behavior, depends on the non-equilibrium parameters in the svstem of fast parti- 
cles. The non-equilibrium parameters that describe thermodynamic properties апа lead to 
arising of particles fluxes are electric potential and concentration differences existing over 
both sides of the biological membrane. 

The system of Eqs. (3.1)-(3.7) is a self-consistent one and reflects the structural hierarchic 
nature of the self-organization of an ensemble of ionic channels. The type of accordance be- 
tween different hierarchic levels is such, that the lower level being essentially faster, depends 
on the dynamic variables that belong to the higher level. These variables are control parame- 
ters for the equations of the lower level and, respectively, the equations of motion for the 
slow variables of the higher level are defined by the summarized influence of the fast subsys- 
tem, i.e., they depend on its density distribution function when the slow variables are fixed. 

The non-equilibrium parameters of the fast subsystem are, in there turn, control parame- 
ters for the slow subsystem. This gives us the possibility to alter effectively the nature of the 
effective potential. For example, the changing of its shape accompanied by the appearance 
and disappearance of additional minima, ieads to the different types of dynamic behavior of 
a system (i.e., the appearance of bifurcations, etc.). 

This approach is a generalization of a well-known Born-Oppenheimer adiabatic princi- 
ple. The main fundamental moment here is the use of calculations of the non-equilibrium 
system properties using the equilibrium configurations of molecules. 

We must note that in Eqs. (3.4)-(3.5) which describe potential motion concerning the re- 

‘laxation processes, the first terms may be dropped (as a rule, mechanic degrees of freedom 
are overdamped). Relaxation processes play the dominant role in the evolution of non- 
equilibrium systems. Therefore, the evolution equation for the whole system being irreversi- 
ble in nature due to dissipative processes, is based on the Fokker-Planck equation for the 
density distribution function of slow subsystem. | 
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- Here we may look for the solution of Eq. (3.7) in a form (later we will use for simplicity 
one-dimensional case for the conformational variable X) 


P(X.r;t) = p(r/X:t)g(X:t), (3.8) 
where p(r/X) is a conditional probability to find an ion at a point r if the conformational 


coordinate is fixed at a position X and g(X) is probability density function to find the con- 
formational variable at point X. 

Substituting, according to usual procedure [8], thc factored solution (3.8) into Eq. (3.7), 
we can get the foilowing equations: 


àp(r/ X;r) 9 {ог 2 2 
——— = —4—Wir,X)p |+, "р/дг", (3.9) 
ðt ðr a ( »] Д 
where 
W(r,X) =V(r) «Ve (е, X) (3.10) 


and stationary probability density function 

я = ри (/ X; А), (3.11) 
where A is parameter defining the degrce of system's non-equilibricity, is found from the 
equation 
py, /at =0, (3.12) 


зв) _ ME ——{0(х, з «Dyà?g[ox?, (3.13) 
at 
where | 
Q(X.r) = U(X) mlr, X) | (3.14) 


and the brackets <....>, denote averaging over the stationary probability density function for 
the ions in a channel p,, . 

With regard to Eqs. (3.4)-(3.9) the Fokker-Planck equation (3.13) for g(X;t) takes the 
following form 


8|+Ра2в/эх?, (3.15) 


a g(a) ә (auf 
ðt 9X X 


eff 


where effective potential function И is determined from the equation 
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or pe) Lends] 
ay ON aX | 
(ne) R(X) ‚| eX) 


+A | ————— а exp | - ——— — dr 
f 9х R, (X) p D i 


, 


(3.16) 


> 


where the effective channel resistance R,, may be calculated in the interval 10, 7] from the 
expression 
" 
R, = expl (1 Х)/0, ри. (3.17) 
0 
The first term in the right-hand-side of Eq. (3.16) defines equilibrium part of the effective 
potential function, the second term defines its non-equilibrium part. It vanishes when A — 0. 
The notion about channel binding sites, to which minima of the channel potential profile 
are corresponded, is widely used for modeling of the ion transfer processes through mem- 
brane channels [9]. If corresponding minima of the potential function are deep enough, then 
the main fraction of ion density in the channel defined by the function p(r/X), is concen- 
trated in the small vicinity of these points. Therefore, we may introduce instead of p(r/ X) 
discrete values of ion occupancy in the binding sites N; 


The Eq. (3.9) for this approximation is simplified and takes the form of balance equation 


dN, 
SN В ME ГА! 3.18 
2 DI М+М, | ( ) 
where 
r at 
т; 29, exp| -e T /».] (3.19) 


тах 


ij is the value of 


are the rate constants for the ion transition between binding sites i and j, є 


corresponding barrier height. The quantity Q, is determined by the potential barrier shape. 


4. MODELING OF THE IONIC CHANNELS BASED ON ION-CONFORMATIONAL 
INTERACTION 


We start from the idea that the indirect ion interaction has significant effect for high con- 
centration. Such interaction may play a substantial role for the channel functioning even for 
the relatively low concentration of ions. This interaction we connect with the alteration of 
the equilibrium positions of some charged and polar groups inside the channel. Then the 
corresponding influence on the movement of subsequent ions arises. 

The important role in producing and regulating ion fluxes is played by single ionic chan- 
nels. The experiments measuring the time dependence of current through them show the exis- 
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tence of two or more discrete channel states — closed and open. Transitions between these 
states appear as square pulses of current recorded in the millisecond and second ranges. 
Switching between two regimes occurs stochastically with the mean lifetime of each state 
ranging from milliseconds to several seconds, and the switching time is probably very fast 
(microseconds). Each state displays a clearly defined constant level of conductivity [9,10]. 
Such a great difference in the channels lifetimes and times of transition between states is de- 
termined by the non-equilibrium physical properties of a living matter due to which the cor- 
responding bistable potential function is formed. 

Synergetic description of the ionic transport in channels of biomembranes was recently 
proposed [11-13]. The motion of an ion along a membrane channel may be considered as the 
overcoming of a system of potential barriers created by certain polar (charged) groups of the 
protein macromolecule covering the channel. A certain lability of the macromolecule allows 
the influence of the ion upon the very transport system. A single ion moving very fast 
through the channel changes the channel potential profile, і.е., the position of protein struc- 
ture groups, very slightly. However, under a sufficiently intensive flux (i.e., entering of the 
next ion before the total relaxation of protein groups has occurred) the conditions of pene- 
trating the channel by this next ion will differ slightly, and so on. Such self-consistency re- 
sults in the situation when a non-equilibrium transport system represents a unique formation 
(a channel * an ion flux) in which the slow conformational degrees of freedom integrate the 
influence of the fast subsystem and give it back to the more low level in the form of an aver- 
aged conformational potential. 

The hierarchic chain should be extended from the molecular system up to the more slow 
and spatially extended hierarchic formations using the adiabatic slaving principle (of subor- 
dination of a lower hierarchic structure to a higher one). It is interesting to note that the 
same principle serves as the molecular structure basis. Molecules possess the fast electronic 
subsystem that acts upon the slow nuclear subsystem as a mean field and depends on nuclear 
coordinates as on parameters. 

There are both fast and slow conformational changes of the channel of biomembranes. 
The ones we consider to be slow, have longer relaxation times as compared to the average 
period between the two moments of ion arrival into the channel. In such a case newly arrived 
ion finds the channel in non-equilibrium conformational state. Then the ionic transport 
through the channel is a process of random walk with memory: the motion of a certain ion 
depends on how many ions preceded it and how quickly they passed through the channel. 
Each predecessor distorted the channel and slow component of distortion fails to restore 
completely to the initial state within the time-range of the motion. 

For the simple case of the one site channel it was shown earlier that due to its interaction 
with an ion flux, there may appear two possible channel conformational structures having 
rather different permeability properties [10,11,13]. Here the time behavior of the average 
occupancy of the channel by ions №(/) is described by the Eq. (3.18) which for the one site 
channel has the following form 


31 


М.А. CHINAROV, У.М. KHARKYANEN 


dN (t : 
то = Nowo; - (w12 * 19 )N (t). (4.1) 
where № is the concentration of ions outside the cell, изу, мә, Wio are probabilities of ion 


jump from one well to another calculated by Eyring reaction rate theory [9] as 
м; -Q, exp|- (в, - E, )/ er +a(9,,-9,) jer}, (4.2) 
Here Q; is the ion oscillation frequency in i-th well, T is the absolute temperature; k — the 


Boltzmann constant; 4 - the ion charge; ф,; - Фу - the potential difference between distinct 


channel parts. The absence in Eq. (4.1) of the term describing the transition of ions from the 
right well to the central one is connected with the assumption that the transition probability 
of an ion from the intra-cell solution to the channel is extremely small. 

Let the most sensitive be the slow conformational rearrangements of the right barrier 
height: 


E, = E, ;(0)+ ЕІ; X(t), (= 1j = 2), (4.3) 
In this case the ionic transport equation can be written as follows: 
N = №№ -[мо fy. oexp(- EX /КТУМ, (4.4) 


where Е’ is derivative of the function that define the dependence of the potential barrier 
height on the conformational variable at the point corresponding to the empty channel, 


E, (0) is a height mean value. 
Using the adiabatic principle of elimination of fast variables [8] we may obtain for the 


dimensionless conformational variable є = Е, X (t)/er the following equation 


2 eff 
аад re ðU (є) «&(t). (4.5) 
dt dt ðe 
where 
2 є 5 
09 (0) а (4.6) 
2 + lem exp[y -£ (9) ` 


is non-equilibrium potential function for the slow conformational motions. Here 
&g=Eg/kT and Е = Ej; X. is a limit value of the barrier height increase, 
y = (Фо -(12 укт =4(Фо -pı kT is a dimensionless potential difference across а mem- 
brane, n = exp| (E10 - Ej yer] and Py = N (29/2, exe (Ero - Ej y/«r] is an ionic flux 


into the channel binding site ("pumping"). 
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5 


b 


Fig. 1 Dependence of the non-equilibrium potential function U(e) on the pumping Р, (a) and the 
membrane potential difference у (b). a - for given curves from the left to the right Р, 23.2, 
3.37, 3.5, 3.7 for the values p=0.5, у=10; b - p=0.45, 0.5, 0.6, Р 23.37, пе10 


Fig. 2 Time course of the ionic current. The 
values of model parameters are as those: 
p=0.5, 710, Р, 23.37; а: В=0.2 (there is 
switching in the channel, В=от); b: В=0.1 
(there is no switching in the channel) 


The analysis of the potential function 
(4.5), the charts of which at various parame- 
ter values Ру and y are given in Fig. 1 a, b, 


shows that depending upon Ру and y, it may 


have either one or two minima, i.e., the sys- 
tem will be either monostable or bistable. 

From Fig. 1 a, b it can be seen that the 
probability for the closed channel state is 
increased either for the increasing of flux to 
the binding site (in particular, with increasing 
of the outer-cell concentration of permeable 
ions), or with increasing of the potential dif- 
ference across membrane. The steady states 
points are denoted by £}, є, and ғ; is unstable 
stationary state. 

It was shown earlier that the dependence 
of ionic current on Ру for different values of 


membrane potential has an S-like form that 
is typical for the non-equilibrium bistable 
systems [11,13]. 
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In Fig. 2 the time course of ion current for the values of model parameters corresponding 
to the bistability of the system (Fig. 1) is given. It is clearly seen that the channel stochasti- 
cally switches between open (bottom) and closed (top) states. | 

For the case of a channel with two binding sites it was also shown [12] that interaction of 
the ionic flux with the conformational structure of the channel leads to the appearance of 
discrete conductivity states. Such an effect is a consequence of organization of the confor- 
mational channel structure at the expense of the energy of an ion flux itself. This general 
conclusion confirms quite well the experiments for the investigation of the permeability of 
calcium and gramicidin channels in respect to one type of ions when another type is present 
[14]. Such experiments clearly prove the adjustability of a channel structure to a given type 
of ion, thus inducing the change of channel permeability in respect to another type of ions. 
The dependence of the channel kinetic parameters on the concentration of ions was also es- 
tablished [9]. This fact may also be connected with "deformation" of a channel by moving 
ions. 


5. SUMMARY AND CONCLUSION 


Concerning the intensive development of methods for the single channel current record- 
ings in a cell membrane, and therefore appearance of the possibilities to analyze in detail the 
features of separate protein macromolecules forming the channels, the necessity to develop 
new approaches describing the kinetic properties of ionic channels from the macroscopic 
point of view is arisen [7, 9, 14, 15]. The model considered above pertain to such a type of 
model. 

In the proposed theory the molecular self-organization originates due to ion interaction 
with some charged groups of channel protein. Displacements of such groups are associated 
with conformational changes of the protein. The channel protein may be in different con- 
formational states and can switch from one state to another. Characteristic periods during 
which this switching occurs form a broad interval. It is assumed that the energy ion profile in 
the channel is modulated by the ion flux. 

The results found out by means of simulations of the nonlinear stochastic differential 
equations that describe the suggested model of the ionic current and channel membrane in- 
teraction, qualitatively coincide with the results obtained in the single channel current record- 
ings [9, 15]. Thus, if we assume that the channels in the biological membranes are non- 
equilibrium systems with their multistable structure being formed in a result of interaction of 
the ionic fluxes with channel proteins, in framework of the model the explanation is found 
both for the observed in experiments the discrete levels of single channel conductivity and for 
the existence of random switching between them. 

Here the ion flow is affected by reaction coordinate and vice versa. The process is a non- 
linear one because the slow conformational component does not respond to every ion but to 
their average number in the channel. A resulting self-organizing ion-conformational system 
is described by nonlinear differential equations for variable that corresponds to barrier 
height deformation and for the average occupancy of the channel by ions. The coupled sys- 
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tem of equations reflects the cooperative character of ion motion and the deformational 
motions of molecular groups in the channel. It shows that the ion flow interacting with the 
conformational degrees of freedom essentially alters the ion energy profile in the channel, 
thus providing the opportunity for the channel conductivity control. 

The analysis of equations shows that, depending upon pumping (the value of the input 
current) and difference in membrane potential, the system may possess either one or two 
minima, i.e., it will be either monostable or bistable. The corresponding dependence of the 
ion average occupancy on pumping has an S-like form, typical for the nonlinear bistable 
systems. In the bistability region the channel may be either in the open, or in the closed non- 
conductive state. The transitions between them (channel switching) occur randomly through 
the non-equilibrium stationary state. In other words, it means that the channels in the bio- 
logical membranes are the self-organizing systems, functioning near the point of non- 
equilibrium phase transition: bistability - monostability. it is shown that such transitions are 
very sensitive to the parameters of external noise. 

It turns out that new insights into the dynamic properties of ionic channels along with 
biophysical approaches and molecular biology methods will provide necessary tools for the 
self-consistent understanding of such mechanisms as regulation and self-organization in 
biomembranes. 
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БІСТАБІЛЬНІ СТАНИ ПРОВІДНОСТІ КЛІТИННИХ МЕМБРАН 
ЯК ПРИКЛАД ВИНИКНЕННЯ ДИСКРЕТНОСТІ 
У НЕРІБНОВАЖНИХ СЕРЕДОВИЩАХ 


В.А. ЧІНАРОВ, В.М. ХАРКЯНЕН 


В роботі розглядаються методологічні аспекти утворення якісно нових станів в системах, що 
складаються з декількох досить сильно взаємодіючих частин. Мінімальним наближенням, що 
дозволяє з одного боку зберегти одночасткову мову описання кожної із взаємодіючих 
підсистем, а з другого - одержати новий колективний стан цілої системи, є наближення 
самоузгодженого поля. У рамках цього наближення дія на дану субординацію всіх останніх 
зводиться до деякого ефективного самоузгодженого поля. Простежена реалізація цієї програми 
в різних фізичних системах: система багатьох часток - метод Хартрі; теорія молекул - 
адіабатичне наближення Борна-Оппенгеймера; теорія магнетизму - молекулярне поле Вейса. 
Показано, що адіабатичне наближення при врахуванні взаємодії швидкого зарядового та 
повільного конформаційного ступенів свободи в біомолекулярних системах, які регулюють 
електронний або іонний потік крізь біомембрани, дозволяє описати появу нових стійких станів 
молекулярних груп, що виникають за рахунок їх узгодженої з іонним потоком динаміки. 
Висловлюється припущення, що у складних біологічних системах цей механізм може 
призводити до появи дискретного набору динамічно стійких станів структури, узгодженої 3 
усіма термодинамічними потоками, які зумовлені нерівноважністю систем. 


35 


М.А. CHINAROV, М.М. KHARKYANEN 


БИСТАБИЛЬНЫЕ СОСТОЯНИЯ ПРОВОДИМОСТИ КЛЕТОЧНЫХ МЕМБРАН КАК 
ПРИМЕР ВОЗНИКНОВЕНИЯ ДИСКРЕТНОСТИ 
В НЕРАВНОВЕСНЫХ СРЕДАХ 


В.А. ЧИНАРОВ, В.Н. ХАРКЯНЕН 


В работе рассматриваются методологические аспекты образования качественно новых 
состозний в системах, состоящих из нескольких достаточно сильно взаимодействующих частей. 
Мийимальным приближением, позволяющим, с одной стороны, сохранить одночастичный язык 
описания каждой из взаимодействующих систем, а с другой стороны - получить новое 
коллективное состояние целой системы, является приближение самосогласованного поля. В 
рамках этого приближения действие на данную субъединицу всех остальных сводится к 
некоторому эффективному самосогласовапному полю. Прослежена реализация этой 
программы в различных физических систем Ах: система многих частиц - метод Хартри; теория 
молекул - адиабатическое приближение Борна-Оппенгеймера; теория магнетизма — 
молекуляриое поле Вейса. Показано, что адиабатическое приближение с учетом 
взаимодействия быстрой зарядовой и медленной конформационной степеней свободы в 
биомолекулярных системах. осуществляющих регуляцию электронного или ионного потока 
через биомембраны, позволяет описать появление новых устойчивых состояний молекулярных 
групп за счет их согласованной с HoHHbIM потоком динамики. Предполагается, что в сложных 
‘бпологических системах этот механизм может приводить к появлению дискретного набора 
динамически устойчивых состояний структуры, согласованной со всеми термодинамическими 
потоками, вызываемыми неравновесностью систем. 
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Energy States ої Bioobjects under mm-Wave 
Field Action 


G.S. LITVINOV, L.I. BEREZHINSKY, С.І. DOVBESHKO, М.Р. LISITSA 


Scientific Research Center "Vidhuk", Kiev, Ukraine 


Spectra of some aminoacids single crystals, proteins, DNA and cells of E.coli B bacteria were studied 
in the submillimeter and millimeter regions. Low-frequency vibrations were investigated by far infra- 
red (FIR) absorption, Raman scattering (RS), and Mandelstam-Brilloiun scattering (MBS). Millime- 
ter wave (MMW) radiation nonthermal action upon the vibrational spectra parameters of a-glycine 
(a-Gly), B-alanine (B-Ala), DL-tryptophane (DL-Trp), L-tyrosine (L-Tyr), L-histidine (L-His) ami- 
noaeids and AMP nucleotide are presented in this work. Irradiation was affecting most vibrational 
bands connected with different forms of vibrations and chemical bonds. Resonance character of 
ММУ effect was regarded as its distinctive feature. The MMW action appeared to be more pro- 


nounced for NH3 and coy deformational vibrations. The amplitude of changes approached 55% 


of initial intensity. It was shown that specimens’ temperature did not vary (accurate to 0.5°C) during 
irradiation. Heating up to 320 K results only in well-known temperature effects upon IR bands. 


(Received October 18, 1993) 


ENERGY STATES OF AMINOACIDS, BIOPOLYMERS AND CELLS.IN 
SUBMILLIMETER AND MILLIMETER RANGES 


Introduction 


Spectroscopic studies proved to be extremely fruitful in the successive physical interpretation 
of resonance states and biological effects of microwave radiation (connected with the above 
states) upon the systems of different complexity levels up to man. Spectroscopic investiga- 
tions are necessary part of each work on the problem of biological effects of milliwaves. That 
is why in the works that were fulfilled or stimulated by Prof. H. Fröhlich [1-3] spectral data 
possessed an important place. On the one hand, spectroscopic studies give direct information 
on the energy structure of objects, its knowledge underlying the explanation of primary re- 
ception of electromagnetic radiation mechanisms in the region of biologically active zones. 
_ On the other hand, the value of spectroscopic studies is learned by those parameters of spec- 
tral lines (especially in the region of vibratory-rotary molecular motions) just as it occurs for 
biological objects (their high functional sensitivity to wear external actions is their specific 
character) which are highly sensitive to small Changes in the environment such as tempera- 
ture, nature and composition of solvent, external electromagnetic radiation, etc. 
Being the simplest and essential components of cellular plasma and proteins, aminoacids 
are of special interest for spectroscopists. Their chemical structure is a good example of la- 
bile system and permits both monopolar and bipolar forms as well as left and right mole- 
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cules. The vibrational spectroscopy of solid and solvent aminoacids was developing since 
1930 [4], but even now our knowledge of biological aminoacid vibrations is rather limited. 
The investigations of the low-frequency vibrational states which give the immediate infor- 
mation about weak intermolecular interactions may be of great significance. The weak inter- 
actions are essential in enzyme reactions, self-organization of above-molecular structures, 
intercellular contacts, etc. Unfortunately, a few of the works on low-frequency vibrational 
spectroscopy of simple biological objects are now available in literature [5-8]. In this paper 
we present the results of the researches on Raman (RS), far-infrared (FIR) and Mandel- 
stam-Brilloiun scattering (MBS) spectra of aminoacid single crystal and polycrystalline films 
protein, DNA and Е. coli cells. 


Methods 


The aminoacid a-Gly, B-Ala, L-His and DL-Trp single crystals were grown by slow 
evaporation from saturated aqueous solutions. The RS spectra were recorded on the triple 
grating laser Raman spectrometer with the spectral slitwidth of 2-4 cm"! and with 6150, 5145 
and 4880 A excitation lines. The film samples for FIR spectroscopy were cast from highly 
purified water solutions on the transparent substrates (polyethylene). Far-infrared spectra 
were registered on the HITACHI FIS-3 grating spectrometer, Bruker IFS-113 spectrometers 
within the frequency interval of 10-400 спо"!. Wave number errors were no more than 2 спа"! 
for RS and 0.2 спа"! for FIR spectra. Spectra were recorded at room (300 K) and low (77 
and 2 K) temperatures. Mandelshtam-Brillouin scattering spectra of aminoacids were stud- 
ied by laser interferometer with high resolution power. Helium - neon laser with А = 6328À 
was used as a source of power. Spectra were registered by photoelectric method in the inter- 
val of 0 - 40 GHz. | 


Results and discussion 


a-Glycine 

After X-ray data a-Gly is crystallized in P2,/n(C EA space group with 4 molecules of site 
symmetry C, in the unit cell [9]. 

General number of optically active vibrations of glycine crystal grate calculated with the 
formula 6N — 3 (where N is a number of molecules in elementary cell) equals 21. Vibrations 
may be classified by the types of symmetry into even (active in Raman spectra) and uneven 
(active in IR-absorption spectra): С = 64g + 6Bg + SAy + 4By because the elementary cell 
contains an inversion center. Thus, 12 vibrations should be observed in Raman spectra, and 
9 vibrations in FIR absorption spectra. 30 Raman lines were observed in low-frequency area 


10-225 спа"! (Fig. 1, 2; Table 1). 
6 lines in RS glycine single crystal in the area lower than 200 спа"! were reported [5]. : 
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arbitary units 


Intensity, 


100 200 y. сти 


Fig. 1 RS spectra of a-Gly single crystal in two Ризои 


Transmission, arbitary units 


400 300 200 100 V, ст" 


Fig. 2 FIR absorption spectra of polycrystalline films of a-Gly, 
L-His, DL-Trp on the polyethylene in the range 40-400 om’! 


One of the lines with 
the frequency of 194 cm! 
was assigned to intra- 
molecular torsion vibra- 
tion of CO; group, and 
others — to crystal grate 
vibrations. According to 
our data, 193 and 212 cm! 
lines are 4g and Bg com- 
ponents of factor - group 
(Davydov) splitting of the 
weak intramolecular line 
having frequency of 185 
спо"! in solution. 

АЇ the other lines are 
Raman first order lines 
and second order lines: 
combined tones and IR 
active vibrations. In Ra- 
man spectrum forbidden 
by theory Ay and By type 
vibrations are manifested. 
Evidently, their emergence 
is connected with crystal 
grate defects. It should be 
noted, that for the number 
of crystal grate vibrations 
registered by us in Raman 
spectra, the data are in 
good agreement with the 
calculations made, by 
authors [5]. Some of them : 
are also well seen in the 
FIR spectra of glycine 
crystal at low tempera- 
tures [8]. 


The halfwidths of crystal grate Raman lines under study were of the same ча as those 
for the intramolecular vibrations. In case of 300 K ee amounted to 4-10 спа"! when total 
spectrometer apparatus function was about 3, cnr!. In most cases peak intensity of grate 


vibrations was higher than that of intramolecular ones. 
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Table 1. Low-frequency vibrational wave numbers observed in RS and FIR of aminoacids 


*  — Mm-spectroscopy data calculation 
жж  — Mm-spectoscopy data 
*** . Far infrared reflection spectra data 
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Thus, the line with 110 спа"! frequency exceeding by intensity the strongest molecular line 
of 2973 cm! was the most intensive in all Raman spectra of poly- and monocrystallic gly- 
cine. With the temperature decrease the essential changes were observed in Raman spectra of 
glycine increase of vibration frequencies, decrease of their halfwidths, redistribution of in- 
tensities and emergence of new lines. The largest absolute shifts (over 10 ctm!) took place for 
the lines within the interval of 100-220 cmr!, smaller shifts up to 10 спа"! in the interval of 30- 
90 cm'!, and in the interval below 50 cm’! their shift was even smaller. Therefore, the relative 
alteration of grate vibration frequencies under the transition to helium temperature formed 
the value of 6-20%, which is by an order higher than for the intramolecular ones (0.5- 190). 

Due to higher apparatus resolution and low-temperature experiments we succeeded in 
observing 7 lines beyond 6 lines registered in [5], whose. frequencies are in good agreement 
with our data. Among them were both intensive lines, comparable to intramolecular ones 
and relatively weak — of 30-50 times smaller intensity. 

Some of the lines are probably determined by the processes corresponding to combined 
tones or overtones. Along with this deformational vibrations of atomic groups CO; and 


NH3 should fall within the interval of low-frequency vibrations, as it was shown for 
L-alanine crystal [10]. There increases the probability of intercombination transitions with 
the participation of excitation states, whose population is growing with the decrease of fre- 
quency. 

The data obtained for a-Gly can be explained, if it is assumed, that in glycine crystal the 
alternative prohibition is not obeyed rigidly, i.e., the inversion center in elementary cell of 
glycine crystal does not | «t for all spatial areas and the deviations from perfection take 
place. 

В-Аіапіпе 

„Тһе space group of -Ala crystal is DV (Рьса), its unit cell contains 8 molecules апа has 
the inversion center [11]. So there must be 45 grate vibrations, some of which (24 gerade of 
Ag, Big, Bog, Взе types) are active in RS and the others (15 ungerade of Bj, Biu Bou 
types) are active in FIR absorption spectra. In the low-frequency range of f-Ala vibrations 
we have found only 15 RS lines. So for this aminoacid the number of lines is smaller than 
the one predicted by calculations, probably due to the frequency coincidence of different vi- 
brational states. Halfwidths of fj-Ala RS lines have the values from 3.5 to 14 спа"! at 300 K 
and 3.5-5 спа"! at low temperatures the other spectral parameters were close to those ob- 
served in a-Gly. 
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Fig. 3 RS spectra of L-His single crystal in two polarizations 


Reflection, arbitary units 


oo "m 100 У, cnr 


Fig. 4 FIR reflection spectra of L-His single crystal 


In the FIR spectra there 
are more than 40 bands 
(Table 1) (20-370 спа"). 
Their origins are not exact. 
So, when molecular crystals 
are investigated, some of 
the bands within the inter- 
val of 20-180 спа"! are 
usually assigned to crystal 
grate vibrations though, 
from our viewpoint, in crys- 
tals with hydrogen bonds, 
such as aminoacids a-Gly 


' and f-Ala, grate vibrations 


may be found in the area of 
higher frequency, and low- 


energy turns of NH, CO; 
and CCN group bands may 
have 40-150 спа"! frequen- 
cies [5]. In the range of 180- 
250 cm! in a-Gly and 
p-Ala crystals there arc 
bands that vanish in Ra- 
man spectra of water solu- 
tions. 

Among the bands de- 
tected by us in the far infra- 
red area there are both nar- 
row enough ones (halfwidth 
up to 3 cmr!) and much 
wider bands. E.g., a group 
of bands with a maximum 
near 54 cm'! has a general 
halfwidth about 4-5 cm‘!, a 
band of 101.6 спа"! - 7.0 
спг!, 180 and 242 cm'! - 40 
and 30 спа"!, respectively. 
As mentioned above, the 
bands of intramolecular 
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vibrations have the typical values of halfwidths 10-15 спа"!. Thus, we cannot exclude, that - 
the already mentioned relatively wide bands in far-infrared range are determined not only by 
f-Ala molecule vibrations, but also by low-energetic intramolecular vibrations. Moreover, it 


is indicated by L-Ala calculations [10], according to which the contribution of СОЇ and 


NH, torsion and CCN bending vibrations to 101 and 55 - 49 cm’! bands exceeds the con- 
tribution of intermolecular vibrations. The presence of the intensive wide band absorption, 
beginning near 350 cmr!, approaching a maximum near 180 спа"! and decreasing to a sub- 
millimeter area under transition is a characteristic feature of absorption in low-frequency 
area for most aminoacids. About 30 relatively narrow bands of medium, weak and ex- 
tremely weak intensity were observed against the background of this absorption. 

Along with this, among 30 bands within the interval of 20-210 спа"! weak IR allowed vi- 
brations as well as those of Ag, Big, Взе and Взе type forbidden in the first approximation 
can manifest themselves. Evidently, a great number of observed peaks may be assigned not 
only to IR active bands of the first order of intramolecular and low-energy intermolecular 
vibrations, but also to the bands of the second order (IR and Raman active). 

If narrow (3 cm'!) bands with the intensity no less than 5 arbitrary units (at maximum 
100) can be assigned to crystalline vibrations, then 15 bands may be found in the interval of 
20-165 cmr!. However, this coincidence does not mean that all of them are of grating type, it 
is possible that there are intramolecular ones among them. In the same time most vibrations 
may be grouped in the interval of 180-220 спа"! or at the frequencies below 20 cmr!, as it was 
calculated for a-glycine [5]. 


L-Histidine 
In the low-frequency spectra of L-His 30 closely spaced RS and 9 FIR lines were ob- 
served (Table 1, Fig. 2-4). The most vibrations in FIR spectrum have the close or coincident 


maxima in RS. L-His crystal belongs to the space group P2, (C 2j with 2 molecules of the 
site symmetry С; [9]. L-His has no inversion center, therefore all vibrations should be active 


both in Raman and FIR spectra. There must be 9 lattice vibrational modes both active in 
RS and FIR: С = 54 + 4B. In FIR spectra we have observed the number of lines which was 
predicted by the theory. But in RS spectra the number of lines is 3 times more. There are 
some possibilities to explain this result. First, it is well known that many of aminoacid crys- 
tals are formed by some relatively independent subgrates linked by hydrogen intermolecular 
bonds. This leads to the increase of lattice vibrations. Second, for the complicated polya- 
tomic systems as aminoacids and their complexes there exists quite a high probability of the 
second order vibrational processes leading to the emergence of some lines additional to the 
predicted ones in the linear approximation. And finally, we may not neglect order-disorder 
type states connected with the relatively free behavior of protons in such bipolar ion crystals 
as are aminoacid ones. Moreover earlier Wang and Storms [6] have reported of such mul- 
tistable proton position in L-Ala single crystal established after RS spectral data. 
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For L-His test was performed by submillimeter spectrometer [12] in the temperature 
range of 4-300 K. For all the temperatures under study weak (1%) and wide (0.5 GHz) peaks 
of absorption near the frequency of 360 GHz were observed. At temperature decrease the 
peak was shifting towards higher frequencies. These data correlated with our data on infra- 
red reflection and Raman light scattering. The deviation from linear law of temperature de- 
pendence was detected by us. During a special spectra processing at low frequencies a wide 
peak in the range of 0-2 ст"! appeared. This result seems to be of importance for the inter- 
pretation of mm-range radiation influence upon the biosystems, and its detailed investiga- 
tion will be required in the future. 


DL-Tryptophane 

According to the X-ray crystallography analysis [13] the crystal of Trp belongs to 
P2,/e(C} p) space group with 4 molecules per cell unit. 21 lattice vibrations are distributed by 
the same way as in the case of a-Gly. In RS spectra of Trp we observed 12 lattice modes in 
the interval of 20-172 cm'!, and in FIR spectra - 9 bands (50-196 cm'! region). This result is 
in a good agreement with the calculations. 

Similarly to the above mentioned aminoacids the intensity and halfwidth of intermolecu- 
lar vibrations for Trp single crystal in RS spectra are of the same order as of intramolecular 
ones and vary widely from line to line. Also the halfwidths of Trp RS lines (4-12 cm!) are 
close enough to those of a-Gly and of other investigated aminoacids. 

Tryptophane powder (DL, L) has been investigated earlier [14]. It should be noted, that 
the paper [14] is in good agreement with our data on DL-tryptophane monocrystal. All the 
lines observed in [14] were detected by us, sometimes with a small discrepancy of 1-2 cm'!. It 
can be pointed out that we have managed to find a greater number of lines in tryptophane 
spectrum. The same may be noted for the other aminoacids under study. Thus in [15] the 
vibrations of Ala with the frequencies of 40, 50, 106, 115 were found, in His - 55, 74, 95, 
109, 103, 155 cmr!. It should be pointed out again that the investigations [14] were carried 
out with powders. 

To conclude it all, we would like to underline that, spectral parameters of crystal vibra- 
tions in aminoacids are almost the same as in the other high symmetry molecular crystals of 
organic nature [16]. 


Proteins, DNA, E.coii B 

DNA and protein FIR spectra in the 40-400 cm! range are very similar, differences were 
noticed only in intensities of some bands and in the form of absorption in the 200-120 cm! 
region (Table 2). In the complex biological obiects such as bacteria the low-frequency spectra 
are formed mainly as the result of the constituent macromolecule spectrum overlapping. 
Though four bands with frequencies 276, 228, 127 and 120 спа"! were not found in protein 
and DNA spectra, in a whole the spectral parameters of the investigated biological objects 
vibrations are almost the same as for organic molecular crystals with saturated chemical 
bonds. 
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Table 2. Vibrational frequencies of protein, DNA and E.coli cells in the region of 
40-350 cm! 


Mandelshtam-Brillouin — scattering spectra of aminoacids 

As is known, because of technical problems, iow-frequency (10-0 ст!) motions have not 
yet been investigated in detail by vibrational spectroscopy. This range, however, is of special 
interest owing to energy transitions to be found there, which are determined by conforma- 
tional motions of biological molecules. Moreover, as is outlined by Fróhlich [1], close inter- 
action between electromagnetic and mechanical vibrations occurs in complex biological-type 
systems. In view of this we have studied aminoacids by Mandelstam-Brillouin scattering. 

Obtained data suggest that aminoacid monocrystals possess intrinsic mechanic vibrations 
within the interval of 8-30 GHz for basic tones (Table 3). Halfwidth of MBS lines ran be- 
tween 1 and 1.5 GHz, which is typical of hyperacoustic vibrations. These vibrations and 
their overtones enter millimeter range by frequency, where familiar resonance effects in bio- 
systems are Observed. Considering the existing interconnection between electric and me- 
chanic vibrations in condensed systems, it should be expected that the presence of resonance 
hyperacoustic vibrations may be regarded as one of possible reasons for the manifestation of 
resonance electromagnetic states of biological systems at different levels of organization up 
to human. 


Table 3. Hyperacoustic phonon frequencies of a-Gly, f-Ala, L-His single crystals in Man- 
delshtam-Brillouin scattering spectra 


Frequency of longitudinal Frequency of transverse 


vibrational (GHz) i vibration (GHz) 
a-Gly 25.7 16.1 
B-Ala 15.5 8.1 


L-His 14.4 8.6 
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MMW EFFECT UPON OPTICAL PROPERTIES OF BIOMOLECULES AND 
BIOCRYSTALS 


Introduction 


MMW radiation effect upon biological objects discovered back in 1970 has already been 
extensively studied. In the last decade the interest focused on the biological mm-range effects 
could be strongly motivated by the results achieved in treatment of numerous diseases such 
as peptic ulcer, infantile cerebral paralysis, aseptic necrosis of the haad of the femur, alcohol 
and drug addiction, etc. [18,19]. A new branch of medicine came to light: Milliwave Reso- 
nance Medicine, which incorporated both the traditional oriental medicine and the latest 
discoveries in Physics of the Alive. Until now in spite of great scientific and practical interest 
in new medicine we have had no satisfactory interpretations of the observed effects [1-3,19]. 
One of the reasons for misunderstanding consists in the absence of extensive and detailed 
investigations of reception mechanisms of mm-range radiation by biological systems and 
their structural elements. Along with this the experiments on MMW radiation influence 
upon optical properties of a-Gly, B-Ala, DL-Trp, L-Tyr, L-His aminoacids, adenosinemo- 
nophosphate (AMP) nucleotide are presented in this part. 


Methods and materials 


Investigations were carried out by IR reflection and transmission spectroscopy in 
700-2000 спа"! range, where intensive transmission and reflection spectra: bands of aminoac- 
ids are observed. MMW radiation action was established by comparison of spectra corre- 
sponding to intramolecular vibrations of samples before, during and after irradiation. 

The specimens of a-Gly, В-А1а, L-His were prepared as single crystals of high optic qual- 
ity and size up to 5-10-15 mm. They were grown from water solutions obtained on basis of : 
chemically pure power of aminoacids purified additionally by triple recrystallization in dis- 
tilled water. The film samples of aminoacids were cast from highly purified water solutions 
on the IR transparent substrates. 

IR reflection spectra were analyzed by grating spectrophotometer JASCO DS-202G 
(Japan) with performance data resolution - 0.5 cm'!, and intensity reproduction 0.5%. 
Commercial generators (4-141 and Г4-142, USSR) that operate at the frequency tuned 
within the range of 37.5-78.5 GHz and maximum output power density of 10 mW/cm? at 
power stability +5 MHz served as the sources of MMW irradiation. To apply the irradiation 
a flexible tephlon waveguide with 2.8 х 5.6 mm? cross-section was used. One of its ends was 
put in the aperture of generator's metal output waveguide while the free end was directed 
perpendicularly to rear surface of the specimen under study. Experiments were carried out at 
output power density on the end of tephlon waveguide amounting to 10 mW/cm?. The ex- 
position was performed at the fixed frequencies selected to achieve maximum effects. Inves- 
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tigations were carried out at temperature 34°C controlled by thermocouple accurate to 


t0.59C. 
E 
HK SES 
! 2 3 3 2 | 1 


Fig. 5 Experimental set to observe MMW effect upon biocrystals in IR reflec- 
tion spectra: 1- IR source (globar): 2 - projection optics; 3 - mirror; 
4 — single crystal; 5 - MMW generator; 6 - flexible waveguide; 7 - entry 
slit of the IR spectrometer 
There was а gap no less than 1 mm wide between crystal surface and flexible tephlon 
waveguide. Output MMW radiation power was about 10 mW/cm?. Globar IR radiation 
was projected by optic system on the opposite crystal surface, and the IR reflection signal 
was focused on the entrance slit of spectrophotometer (Fig. 5). 


Results 


Table 4. Redistribution of Peak Intensities of IR Bands of Biological Monomers under Ex- 
tremely High Frequency Radiation 


Trp Tr й 
= 37.5 GHz f= 41.5 GHz 
| 


1.359010 1.3530.04 1.1240.05 


1.30+0.08 1.3720.08 
1.3120.05 1.18+0.03 1.35+0.10 
1.2220.07 1.15+0.04 1.28:0.07 
1.3120.05 1.04+0.04 
1.23+0.04 1.3340.06 


v - IR band wavenumber; I – peak intensity of IR band after MMW irradiation at frequency (/) rela- 
tive to the non-irradiative band. 


Intensity changes up to 35% in IR spectra of Trp, Tyr and AMP films were registered. It 
follows from Table 4 that MMW radiation was effecting a great number of vibrational 
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1600 | 1500 — 1400 З спі! 


Кір. 6 IR reflection spectra of B-alanine single crystal in 1200-1800 от! vibrational 


interval: without MMW irradiation (1) and under MMW irradiation at /=46.57 , 
GHz (2), f = 46.59 GHz (3). Emmw ПЕгв Sp slit 


bands connected with different forms of vibrations and chemical bonds. A resonance charac- 
ter of MMW action was regarded as its distinctive feature, i.e., the effects were not observed 
at all frequencies but at certain frequencies of external radiation only. In this case maximum 
effects for different vibrations could be obtained at certain external radiation frequencies. In 
Table 4 it is shown that at certain MMW radiation frequencies a number of band peak in- 
tensities was increasing, at other frequencies it was decreasing. 

In Fig. 6 the influence of MMW field upon B-Ala reflection spectrum in the range of 
1200-1800 спа"! is demonstrated. Here are also shown vector of MMW field (Е) and the 
globar projection polarization (P) relatively to the spectrometer input slit and the orienta- 
tion of crystal in whose layer plane the optic axes outputs were shown. 

In the papers concerning IR spectra of f-Ala [20,21] published until recently frequency 
classification has not been made. However on the basis of analysis of IR and RS spectra of 
a-Gly crystal [22,23], L-Ala [6,24] and B-Ala in water solution [21], 1560 cm’! band can be 


assigned to a symmetric deformational vibration of -COO" bond, 1505 спа"! band to a sym- 
metric deformational vibration of -NH bond and 1345 cmr! band to a deformational vibra- 
tion of CH group. 

Data presented in Fig. 6 indicate that drastic changes in shape and intensity of bands in 
800-1600 cm! range took place. There emerges an optional fine structure, depending on IR 
radiation polarization, external MMW field and orientation of crystal. 
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Essential changes are observed within the range of 700-800 cm`!. 
When MMW field is applied at 37.5 GHz frequency, band intensity with a maximum 


near 765 cm’! is increasing to a great extent. 


Reflectance 


1700 1600 1500 


Fig. 7 IR reflection spectra of a-Gly single crystal: іп 1400-1700 cm” vi- 
brational interval: without MMW irradiation (1) and under MMW 
irradiation at /=46.90 GHz (2), /=46.69 GHz (3) 


To eliminate temperature effect on vibration spectra of -Ala single crystal we investi- 
gated spectra at 40 and 60'C. It is evident that vibrational band changes under different 
temperatures substantially vary from changes observed in bands under MMW influence. 
Temperature effect results both in halfwidth widening and in the intensity decrease, while 
MMW effect leads to transformation of IR band shapes and their fine structure [31]. 

In IR spectra of «-Gly crystal the band structure variations together with the intensity 
redistribution were found (Fig. 7). The MMW action had resonance character at certain 


MMW frequencies and it was more pronounced for NH; and CO; deformational vibra- 
tions. The amplitude of changes approached +55% starting from initial intensity. 


Discussion 


Let us consider probable reasons responsible for the observed effect: the action of MMW 
radiation on fi-Ala reflection spectra of intramolecular vibrations. For composite molecules, 
such as B-Ala, taking into account numerous combinations of fundamental tones and over- 
tones and a number of rotational states, corresponding to every vibrational level, we re- 
ceived an essentially quasi-continuous spectrum of energy levels even when vibrational quan- 
tum numbers were small. It is known that pure rotational states of a free molecule do not 
manifest themselves in solid state. However, when the induced frequency is coinciding with 
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the frequency of free molecule rotational transition weak inhibited rotations are possible vo 
excite in molecule. In parallel with this, if the multi-photon excitation is suggested assump- 
tion of resonance interaction of the applied field with crystal vibrations is real enough. Such 
assumption does not seem to be groundless, because in permanent or in low-frequency elec- 
tromagnetic field the lifetime in vibrational-rotational states may increase by several orders 
[25]. Therefore, MMW excitation may result in considerable molecular redistribution not 
only in rotational states, but also in molecular redistribution change in vibrational states. 

The multiformity of the polyatomic molecule vibrational levels, the existence of numer- 
ous possibilities of Fermi-resonance manifestation, and in a solid state - of RS Fermi- 
Davydov resonance - these factors add greatly to the probability of resonance interaction 
between MMW field and quasi-continuous spectrum of rotational-vibrational states of crys- 
talline -Ala, they facilitate a considerable intensity redistribution of IR absorption 
(reflection) spectra and RS spectra. The factors contributing to the changes observed in the 
above mentioned reflection spectra have not yet been exhausted. Among these is the inver- 
sion spectrum of -NH bond with more than 60 lines overlapping frequency interval of 
MMW radiation employed in this work [26]. There is the possibility of clear display, fol- 
lowed by the above changes in the investigated reflection spectra, first of all near 1500 cm! 
band. 

To summarize the discussion of these experimental results it is possible to make a con- 
clusion on the mechanism of immediate MMW field action upon the vibrational-rotationai 
spectra of aminoacids and nucleotides owing to resonance interaction with a great number 
of corresponding energy states of crystal. Such interaction is probably based on the proxim- 
ity or even up on the coincidence of certain frequencies in intra- and intermolecular energy 
levels of aminoacids MMW frequencies. 

Analogous effects would be observed probably in the spectra of the majority of molecular 
crystals, consisting of complex molecules and, moreover, in biomolecules and in a matter of 
high level of organization, included the living matter. 

In the light of the MMW effect upon aminoacid crystals important question has to be 
answered: Are the effects connected with the permeability tensor components changes under 
MMW field. To clear up this we have investigated the polarization peculiarities of the 
MMW effect. | 

Measurements were taken by а double-beam diffraction spectrometer DS-402G (JASCO, 
Japan) with the use of reflection adapter where in natural globar irradiation is incident on 
the reflection surface at an angle close to the normal. The specimen was placed on the table 
so that the crystalline axis OX was parallel to spectrometer input slit. Wave vector of the 
incident wave was directed along the OY axis. In front of the receiver a polarizer was set 
which could rotate in the wide range of angles = 0-360. Thus, in IR reflection spectra /(ф) the 
intensity dependence was measured from polarizer (¢) angle of rotation at permanent angle 


of incidence and reflection of IR irradiation (~7°). Measurements were taken at room tem- 
perature (295 K) at spectral slot widths about 1 cm. Errors in wave number measurements 
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did not exceed +2 cml, errors relative to peak intensity were + 10%, to polarizer angle - 


+2 em}. 
за Reflection indicatrices were constructed for 
mo Te a-glycine monocrystals (Fig. 8). They represented 


plotted in polar system peak intensity dependencies 
upon. polarizer angle within 0-360 interval. Polarizer 
X — was set up behind spectrometer output slit. Indicatri- 
ces have forms near elliptic ones though for certain 
bands, e.g., for NH; deformational, the indicatrix 
Fig. 8 а-Сіусіпе reflection indicatrix: has dumbbell like form. Changes in its shape and 
no MMW radiation condition amplitude were observed under EHF-field action. 
(1), and under MMW radiation Intensity band changes were observed in reflection 
for f= 46.69 GHz (2) spectra, therefore we may discuss changes that took 
place in dielectric constant. at corresponding frequencies. So far as a-glycine monocrystal 
belongs to monoclinic syngonia, in general case dielectric permeability tensor may be pre- 
sented in a symmetric but not in a diagonal form: 


Е х 0 E xz 
E=| 0 =, 0 (1) 
ба ^E 


Besides, each tensor component has а complex nature, i.e., consists of real and imaginary 
parameters. 
Intensity of light reflected from the crystal is expressed by the formula: 


Тв (ф) = 1К,Е(е) (2) 
where /, - incident intensity; R, - total reflection coefficient; F(p) - polarization structure 
function of reflected light 

F(y)=D,+D, sin? p+D, sin 29, 
2 2 
D, = (6 е) +420, 
D, є -4Re (є хх е.) 0], 


Dz =+4Re[e,,U]. (3) 


Dielectric permeability of crystal in any direction is expressed by a complex combination 
of 6 components. 

From general form of we may derive that indicatrix has an elliptic form, whose maxi- 
mum makes up an angle 
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Pmax = -arctg(2D3/ I). (4) 
Using the experimental data and solving the system of equations: 


Е(ф)= D, +0, sin? e D, sin2g, 


max = -arctg(2D4 / D, ) (5) 
for many points К(ф). It is possible to find, and, which determine tensor components of di- 
electric permeability. 

In view of complex dependence between tensor components and a great number of un- 
known parameters determining them it is difficult to find all tensor components. However, 
by changes in relations it is to define alterations in. According to our estimates, changes in 
reflection index under MMW etfect amount to 10, and in extinction index changes - to sev- 
eral percents. 


HOLOGRAPHIC INTERFEROMETRY OF BLOOD PLASMA UNDER THE EFFECT OF 
MILLIMETER RANGE RADIATION 


Introduction 


The above described experiments indicated to essential role of dielectric properties distur- 
bance by MMW radiation. Biocrystals are good enough models of the living matter in vitro. 
But of course it is quite natural to test systems more close to the alive. One of good and de- 
monstrative native bioobjects is blood plasma. Here the experimental data on changes in 
refraction index (п) of native blood plasma/water solutions under MMW radiation are sug- 
gested. 


Materials and methods 


Experiments were carried out by holographic interferometer, whose optical scheme is 
given in Fig. 9. He-Ne laser (1) radiation (output power - 1 mW at 632,8 nm) is divided by 
light cube (2) into two beams: object bearing and reference. In the object bearing beam there 
is a mirror (3) and a collimator (4) consisting of negative and positive lenses and forming a 
parallel beam with 5 cm in diameter. The beam passes through the object under study (6) 
and then arrives at finely dispersed diffuse scatterer (7). According to Lambert's law, its 
every point is scattering the light in all directions. Therefore, the light from the whole surface 
of the scatterer arrives at every point of light sensitive thermoplastic (8). In thermoplastic's 
plane object beams produced by mirror (9) and objective lens (10) form the hologram of the 
object under study. After the hologram is registered, interference picture of plane-parallel 
plate (5) is applied to it. Picture is observed by TV camera, combined with PC/AT 286 com- 
puter. 
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Fig. 9 Experimental set for holographic interferometry study of the MMW 
effect 


With the help of glass plate (5) which introduces phase detuning the regime of interfer- 
ence picture can be selected. Thus, at one inclination of the plate (5) the increase of refrac- 
tion index will result in the increase of interference period, i.e., in the decrease of number of 
bands, while at another inclination (with the same sign of n) it leads to lessening of interfer- 
ence period and crowding of bands, i.e., to the increase of their number. In our experimental 
set-up the plate (5) was located so that the increase of solution refraction index in the flask 
would result in the decrease of the number of interference bands in sample field, and vice 
versa, the decrease of refraction index at the expense of thermal expansion would cause the 
increase of the observed number of bands in the sample field. In this case the number of in- 
terference bands outside the flask field remained unchanged and served for independent con- 
trol over the object's alterations. 

If the dielectric characteristics of the object under study are the same before and after 
ММУ action, then interference picture remains unaltered, and interference bands inside and 
outside the object's profile continue each other. On the contrary, the interference picture 
within the limits of object's profile will change, particularly the number of lines and the dis- 
tance between them, if some external factor caused changes of the refraction index of the 
object. 

Blood plasma for laboratory investigations was drawn from native fresh blood of healthy 
donors. Within 10 min. blood cells with heparin additives were sedimented by centrifuging at 
3500 g. Solutions of different density were obtained by dilution of native blood plasma with 
distilled water. 

Commercial generators (Г-141 and Г-142, USSR) that operate with backward wave tube 
at the frequency tuned within the range of 37,5-78,5 GHz and maximum output power den- 
sity of 10 mW/cm? with frequency stability +5 MHz served as the sources of milliwave irra- 
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diation. To apply the irradiation a flexible tephlon waveguide with 2,8x5,6 mm? cross- 
section was used. One of its ends was put in the aperture of generator's metal output 
waveguide while the free end was lowered into a quartz dish (1-1-4,3 cm?) with the studied 
solution to a depth of 2-3 mm. Experiments were carried out at output power density on the 
end of tephlon waveguide amounting to 10 mW/cm?. The exposition was performed at the 
fixed frequencies selected to achieve maximum effects. Investigations were carried out at 
temperature 20°C controlled by thermocouple accurate to +0,2°C. 


. Results and discussion 


Fig. 10 Interference picture dynamics of blood plasma water solution and water un- 
der MMW field action at 51.5 GHz frequency and 10 mW/cm? power density. 
a) 10 s after the start of exposure; b) 6,5 min after the start of exposure; 
c) plasma 5 min after switch off MMW source 


In Fig. 10 results of MMW radiation effect upon 2% blood plasma water solution at 51.5 
GHz frequency have been presented. Vertical black bands are flask walls. In the upper part 
the meniscus of liquid is observed. Dielectric waveguide connected with the MMW tuned 
generator is passing through meniscus to the depth of 2-3 mm. The output power at its end is 
about 10 mW/cm?. 

Without MMW action the number of interference bands was the same in the field of the 
object and around it and equaled to 5. When MMW source was switched on the increase of 
distance between object bands occurred. The changes in interference picture were irregular 
with time. The largest changes occurred during the first minute then they slowed down. 
Within the first 10 seconds the increase ranged up to half of the interference line, and within 
30 s it ranged up to a full band. During 6.5 min. from the start of exposure the number of 
interference bands in the object's profile decreased by four. After this period only slight 
changes were observed. The latter allows the assumption of the saturation effect. Since these 
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changes were observed in the whole plasma volume, their nature was regarded as a macro- 
scopic one. ^ 

The reversibility of the effect has been established: after MMW source was switched off, 
the interferogram had regained its original structure, construction period of original state 
was 3-4 min. longer than the time of maximum change accumulation. The increase in 
plasma concentration up to 10% was essentially slowing down the process of changes, 
whereas the addition of 1.5% of CaCl, into the solution was increasing the rate of interfer- 


ence picture shift more than twofold. Presently, the mechanism of CaCl, influence still re- 


mains unclear and additional experiments with other ions are required. However, the hy- 
pothesis on charged field effect seems possible. 

Experiments showed that a seven minute MMW radiation action on the pure water car- 
ried out at 41.5 GHz frequency resulted only in minor changes of interference picture, 
though a 5 minute exposure at 51.5 GHz frequency decreased the number of interference 
bands by one. Thus, weak mm-field effects also occurred in water, though their magnitude 
was small (Ал=2. 10-5). These facts suggest that the effect is mainly determined by the blood 
plasma components. It is also indicative that substantial effects were observed for native 
fresh plasma. After a 5 day storage of plasma in the refrigerator at 4°C without conservant 
additives, MMW radiation effects were negligible. As is known the changes of the number of 
interference bands in the field of the object under study are caused by the refraction index 
changes, which in its turn depends on density and polarizability. Density changes could be 
induced by diffusion of the solution components under irradiation. However, in this case in 
different parts of the flask there should exist different densities, that, in the long run, would 
result in frequency variations of interference bands and therefore in their curving. Such pic- 
ture was observed by us in case of a rather inhomogenous solution, but never in well- 
homogenized plasma solutions under study. 

As it was mentioned above, MMW irradiation and heating effects were opposite- 
directional, and thus the observed effect is to be underread for the value of n determined by 
heating. Temperature rise in the flask detected by thermosensor within the period of MMW 
action with 10 mW/cm2 power density amounted to 0,5-0,6 K, which agreed with the data of 
[27] where the heating of biological aqueous solutions by MMW irradiation was investi- 
gated. So in view of the inevitable solution heating due to ММУ radiation absorption it is 
appropriate to estimate the role of temperature effect. Let us determine solution temperature 
increase. For that purpose it is necessary to find the period for equilibrium between the flask 
and its environment to be established at certain MMW radiation power, and the tempera- 
ture to which the solution will heat. 

Temperature distribution with the flask height and with time is described by thermal 


conductivity equation 
3 T(z.t 
STU. UE б 


ðt pC, 
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where к is the thermal conductivity of water, р - water density, Cp - its thermal capacity. 

To estimate the characteristic time necessary for thermal flux to reach flask bottom we 
shall refer to partial solution of thermal conductivity equation (1) that is true for the de- 
scription of wave front propagation of point impulse source 


T(z,t)= 77%9(/%), (7) 


where 


p= 4k 
от 
‚ pC, 


І, (8) 


where 20 із а certain characteristic length at which temperature is decreasing from Ту to фу 
(room temperature). In our experiments the flask was placed on metal table at T,, the depth 
of water in the flask was h = 1.5 cm and cross-sectional area was 1 cm?. Assuming z, = Й, let 


us determine the time т within which the thermal flux will reach the bottom of the flask. 
From equation (8) we determine 


k= T, (9) 
pC, | 
and then 
h’ pC 
за ЗА err e A (10) 
4k | 


The value obtained (7 min.) would not be the period for equilibrium with environment to 
be established, this period is much longer. However, considering that our observations will 
cover 5-8 min., we shall determine the temperature rise within this period. 


We shall assume that all the energy of MMW field that arrives at the flask goes into so- 
lution heating. Solution heat exchange with flask and environment in observation period can 
be neglected, because the period for equilibrium to be reached between flask and environ- 
ment amounts to 40 min. To find the temperature rise within observation period we shall 
write a thermal balance equation 


We = ShoC (Ts -Tp ). (11) 


where W is MMW radiation power arriving at solution, 5 — flask foot area, Ту - solution 


temperature rise. From (6) we have 


AT =(7,-Т,)= т ОИК. (12) 
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Thus, maximum solution heating in this period with no account of thermal exchange, і.е., 
under the condition unfavorable for thermal effect estimation may amount to 1 K. The cal- 
culation showed that even in the absence of heat exchange between the solution and envi- 
ronment under the radiation effect with the power density of 10 mW/cm2 the temperature of 
solution with the volume of 1.5 cm? may raise around 1°C within 6 min. Lower temperature 
value (0.5-0.6°C) was obtained by us in the measurements with the use of thermosensor. 
Temperature coefficient of changes in water refraction index makes up 6- 10-5 /K [28]. In our 
experiments the maximum change of refraction index corresponds to п = 2.59- 10-4, which is 
by an order higher than the temperature changes of refraction index. With the account of 
this total value of MMW radiation effect will make up about 3- 1074. 

| So, the numerical estimations and the experimental data demonstrate that refraction in- 
dex changes under MMW action were conditioned by non-thermal changes of solution di- 
electric constant which may be described as a sum of contributions of electronic, vibrational 
and orientational components. 

Evidently, structural rearrangements took place in plasma solution and in its components 
- biomolecules and water molecules, which in turn effected a solution dielectric- constant. 
The exposure of the blood plasma to MMW irradiation was performed by low-energy 
quanta of electromagnetic field with E = 1.89-10-4 eV, and dielectric constant changes were 
observed in visible range at He-Ne laser wavelength (E = 1.96 eV). Thus, low-energy MMW 
radiation initiates the processes of internal rearrangements in solution, which may result in 
modifications of medium electronic polarizability observed from refraction index change. 
From our viewpoint, physical nature of the phenomenon under study may have the follow- 
ing explanation. 

As is known [29], at room temperature water molecules create a continuous time-variant 
net structure, formed by hydrogen bonds. In solutions the structure includes hydrate shell 
clusters, whose dimensions depend on charge and sizes of hydrated molecule or ion, and 
temperature. Considering that about 10!! translational and orientational motions occur per 
second in the pure water, external electromagnetic field at the same frequency or near it will 
perform a resonance orientational effect upon hydrogen bond nets. 

Besides, in water solution containing blood plasma macromolecules (albumin, globulin, 
etc.) there emerges another possibility of macromolecule coherent resonance vibrations in 
water molecule environment. This possibility is connected with the probable manifestation of 
cooperative effects with the participation of large groups of bound molecules under weak 
energy impulses of resonance frequency electromagnetic field. 


For example it may be CO, or NH N groups of proteins discussed in [30], where MMW 


resonance action upon aminoacid single crystal was shown. In the simplest case of single 
molecule rotation around an axis due to the presence of centrifugal forces there emerge an- 
gular deformations between chemical bonds and extensions of the latter. Insignificant as 
they are, these changes are accompanied by weak alterations of external electron shell con- 
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figuration that result in their deformations under the action of light wave determining the 
electron transition. Such complementary deformation unavailable in rigidly fixed molecule 
may account for changes in electron polarizability, and, therefore, for the change of water 
and plasma refraction index established in this paper. The effect will be stronger, if we take 
into account that MMW field is not only "rocking" molecules transferring them into higher 
rotational states, but also transforming a solution into a new structural phase with certain 
anisotropy due to orientational action of MMW field at resonance frequencies. Predicted 
orientational effects may also be discovered in polarization experiments. 


ЕНЕРГЕТИЧНІ СТАНИ БІООБ'ЄКТІВ ПІД ВПЛИВОМ МІЛІМЕТРОВОГО 
ЕЛЕКТРОМАГНІТНОГО ПОЛЯ 


Г.С. ЛИТВИНОВ, Л.Й. БЕРЕЖИНСЬКИЙ, Г.І. ДОВБЕШКО, М.П. ЛИСИЦЯ 


Методами молекулярної та радіоспектроскопії (інфрачервоне поглинання і відбивання, Раман- 
розсіювання, Мандельштам-Брілюенівське розсіювання) досліджені ієрархічні структури 
живого від простих біомолекул (амінокислоти, нуклеотиди) до клітин та нативних розчинів 
біологічної природи (плазма крові). Встановлено основні закономірності та особливості 
енергетичної структури біооб'єктів у субміліметровому та міліметровому діапазонах, зокрема 
встановлено наявність електромагнітного базису дискретних рівнів з енергіями у міліметровому 
діапазоні та квазиконтинууму станів у субміліметровому діапазоні. 


Виявлено, що зміни у спектральних параметрах коливальних станів молекул та кристалів 
біологічної природи під впливом міліметрового випромінювання мають резонансний характер 
щодо частоти діючого випромінювання. Помічено кутовий та поляризаційний синхронізм 
ефектів. 


За допомогою голографічної інтерферометрії відкрито явище впорядкування (збільшення 
коефіцієнту заломлення) у водних розчинах плазми крові. 


ЭНЕРГЕТИЧЕСКИЕ СОСТОЯНИЯ БИООБЪЕКТОВ ПОД ВОЗДЕЙСТВИЕМ 
МИЛЛИМЕТРОВОГО ЭЛЕКТРОМАГНИТНОГО ПОЛЯ 


Г.С. ЛИТВИНОВ, Л.И. БЕРЕЖИНСКИЙ, Г.И. ДОВБЕШКО, М.П. ЛИСИЦА 


Методами молекулярной и радиоспектроскопии (инфракрасное поглощение и отражение, 
Раман-рассеяниє, Мандельштам-Бриллюэновское рассеяние) исследованы иерархические 
структуры живого от простых биомолекул (аминокислоты, нуклеотиды) до клеток и нативных 
растворов биологической природы {плазма крови). Определены основные закономерности и 
особенности энергетической структуры биообъектов B субмиллиметровом и миллиметровом 
диапазонах, доказано существование в частности электромагнитного базиса дискретных 
уровней с энергиями в миллиметровом диапазоне и квазиконтинуума состояний в 
субмиллиметровом диапазоне. Обнаружено, что по мере усложнения химического и физи- 
ческого строения биологических и предбиологических молекул имеют место линейные H, 
нелинейные (коллективной природы) эффекты в колебательной энергетической структуре. 


Установлено, что изменение спектральных параметров колебательных состояний биоло- 
гических молекул и кристаллов под влиянием миллиметрового излучения нетепловой интен- 
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сивности HOCHT резонансньй характер по отношению K частоте падающего мм-излучения. 
Отмечены также угловой и поляризационный синхронизмы эффектов. 


С использованием голографической интерферометрии обнаружено явление упорядочения 
(увеличения коэфициента преломления) в водных растворах плазмы крови. 
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Reception of Microwave Radiation by Biosystems 
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The results of generalized theoretical analysis of likely mechanisms of interaction between biological 
macromolecules and microwave electromagnetic field are presented. It is demonstrated that an effec- 
tive biological action of nonthermai radiation of the EHF-range is associated with а quality factor of 
dipole-active vibrations of the primary receptors being of the order of 103-107, which is equal to ine 
value of the corresponding characteristic of narrow peaks in the radiation spectra of action. Proceed- 
ing from the model equations of the kinetics of synthesis and decay of molecular aggregates, the 
EHF-bioeffect explanation is suggested which is based upon the phenomenon of extreme sensitivity 
of the reactions characterized by participation of hizh-inolecular ensembles with respect to external 
action. The problem of irreversible transitions in multisiable biochemical systems under external field 
action is discussed. 


( Received May 20, 1993) 


During recent years, evidence of the influence of weak external fields on the function of 
organisms attracted attention of a large number ої researchers. Particular interest has been 
centered on the evidence for the ENF-bioeffect - the changes in function of bioobjects of 
very different organizational levels under low-intensity electromagnetic radiation (EMR) of 
the extremely high-frequency (microwave) range (see [1-7]). Treatment methods, in particu- 
lar, the method of microwave resonance therapy (MRT), based upon the effect have been 
developed and successfully introduced into clinical practice (see [4, 8]). 

At the same time, up to the present there is no satisfactory explanation of the perceptible 
effect of such weak fields at physiological temperature causing the corresponding level of 
thermodynamical fluctuations in the svstems under study (indeed, the microwave radiation 
power density used in biological experiments docs not exceed | mW/cm?2 and the tissue 
heating is no more than a few tenths, even hundredth, of a degree). In this connection, the 
clarification of effective molecular mechanisms of primary reception and transformation of 
the radiation energy in bioobjects becomes а very real problem. The importance of the bio- 
molecular aspects of the phenomenon is determined by the fact that biomolecules represent 
the lowest, so to say "specifically biological” level of matter organization, Such fundamental 
biological processes as charge and energy transfer, elementary acts of biocheinical reactions 
can be considered in detail just on the biomolecular level. On the other hand, one can treat 
the "functioning" of biomolecules in terms of mechanical modes (degrees of freedom) imme- 
diately interacting with the microwave field, and so get the explicit form of the correspond- 
ing spectrum of action. 
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Generally, external, in particular EMR, effect on molecular changes (elementary chemi- 
cal reactions, conformational transformations, etc.) can be characterized by the relative in- 
crement 7 of the Arreenius factor ехр(-=,/КвТ) determining the corresponding reaction 


rate constant. Here є, is the activation energy of the reaction, T is the absolute temperature, 
and kp is the Boltzmann constant. Under weak action (in linear approximation), the 7 value 


is defined by the expression 


б E 9 
пп а 6—1, (1) 
kgT КТ T 


Here the parameters 6 and 9 are the additions to the values of activation energy and tem- 
perature due to the external influence: є, > є, +6, T — T - 9. The first item in the right- 
hand side of Eq. (1) is responsible for the dynamic (coherent) action of the radiation field on 
the electrically active modes of molecules taking part in the reaction, the second one is char- 
acteristic of a thermal EM R-action and defined by the system temperature rise. 

The thermal influence in Eq. (1) for the above mentioned tissue heating 25005 K and 
the factor є, /КвТ ~ 10 could be evaluated as 7, ~ 10-3. A relative change of such an order 
in the reaction rates could not apparently cause by itself physiologically significant effects as 
confirmed by experiments in which the systems under study were subjected to corresponding 
heating. An essential augmentation of the radiation thermal action due to a local overheat- 
ing is also unlikely. Besides it is worth remembering that the thermal EMR-action could not 
by itself explain the resonance character of the EHF-bioeffect observed in many experi- 
ments. 

To evaluate the dynamic item in Eq. (1) one can substitute as Ó the energy £y of the reso- 
nance constrained vibrations induced by the electric field E, —1 v/cm (corresponding to the 
above mentioned radiation power). As known, the main microwave absorbents in biosys- 


tems are water molecule associations. There is also evidence of existence of EHF-vibrational 
modes in biopolymeric structures (in DNA, for example). Taking into account the parame- 


ters of the absorption centers (at physiological temperature) one obtains 77 ~ 1071302, 
where О = 0/24 is the quality factor of the vibrational mode interacting with the radiation 


(o is cyclic frequency, A is damping constant (inverse relaxation time) of the vibration). 
Thus, a perceptible dynamic action of the radiation (in accordance with the criterion 


п 4,201) corresponds to impractically high values 02105, which shows the unsoundness of 


basing the primary mechanisms of EHF-bioeffect on tne radiation interaction with separate 
local vibrations of molecules. 
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To work out a more realistic conception ої EHF-radiation primary reception in biosys- 
tems, several models considering the polymeric structure of biomolecules were analyzed. 
Thus, Christophorov and the author [9, 10] suggested a model of the resonance mechanism 
of interaction between biomolecules and EHF EMR, employing the idea of considering a 
biopolymeric structure as a reception antenna. According to our assumption, the radiation 
energy is absorbed by the dipole-active oscillations of monomeric links of the molecular 
chain and is then transferred by exchange mechanism to the active center of the biomolecule. 
A conformational transition or another transformation of the center structure caused by the 
energy utilized in this way, determines the subsequent stages of the biological action of the 
radiation. In the most favorable case 
of the resonance between the radia- 
tion-field-excited collective mode of 
the chain and a local oscillation of the 
active center, directly interacting with 
the nearest monomer (see Fig. 1). A 
satisfaction of the criterion 201 


e, 


с can be achieved when а quality values 
dg > of the electroactive molecular oscilla- 
tions Qz10* -10?. This evaluation 
may be reduced by one more order of 
magnitude if one use as an antenna 
two- or three-dimensional lattice of 
dipole-active vibrational modes. 

The next example considered in the papers [9, 10] was the investigation of the EMR's in- 
fluence on the form of biopolymers. We analyzed the possibility of the transition between a 
"twisted" and a close to linear forms of macromolecular chain (or thread) under the action 
of low-intensity ENF-radiation at physiological (or room) temperature, if the radiation in- 
duces dipole-active oscillations in the monomolecular links (see Fig. 2). The cause of the ef- 
fect is in the thread rigidity increase due to mutual repulsion of the dipoles. We obtained the 
criterion of substantial influence of EMR on the thread form with taking into account ther- 
mal fluctuations causing the twisting. Just as in the 
previous case it can be expressed in terms of the 
qualitv factor of the molecular oscillations. That is 
0210°. 

Finally, within the same series of examples, the 
EMR-action upon the transmembrane charge 
E transport was studied. It is well known that trans- 

port of electrons and ions is an essential part of 
fundamentals of bioenergeties, and that the respec- 


Fig. 2 нра influence on the biopoly- tive transportation systems are formed based оп 
mer form 


Fig. 1 Biopolymeric structure as a reception antenna 


= 
d 
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macromolecules. We have considered the EMR-effect within the simplest model of the 
transmembrane channel, assuming that its walls are formed by a spiral polymer (protein). 
The motion of charged particles (e.g., ions) goes on under the action of the membrane volt- 
age, determining the strength of the static electric field Е» (see Fig. 3). Such a model enables 
to evaluate the possibility to control the transport with the help of a weak microwave EMR 
(as transmembrane field may be rather strong: usually E,, ~ 10° v/cm). The conditions were 


clarified under which the radiation-induced dipole-active oscillations in the links of the bio- 
polymer determine the field E,,,,, that can "lock" the channel. As a matter of fact, the bio- 


` polymer (in view of the proximity of its groups to the transported particles) plays here the 
same role as the control grid of a tube triode. As our analysis has shown, the effect of the 
channel "locking" can be achieved of the radiation - induced oscillations are characterized 
by the quality factor Q 210°. 

Thus, the analysis of all 
the examples considered here, 
just as that of many of mod- 
els proposed by other 
authors, leads to the conclu- 
sion, that stable biomolecular 
@— E formations can take the part 

| of high-efficient primary tar- 
gets for low-intensity EHF- 
radiation only if they include 
electro-active vibrational 
modes characterized by the 


quality factor 02103 -105. It 


is worth noting that the same 
Fig.3 The simplest model of the transmembrane channe! values are characteristic of 


| m 
V 


the qualities of separate peaks 
in the spectra of the biological action of EHF-radiation obtained in many experiments with 
biosystems of very different organizational level. However, the grounding of the possibility 
of realization of quality values of molecular oscillations even of this order requires special” 
assumptions on the structural organization of absorption centers of biomolecules. There are 
some quite interesting ideas on that score but, unfortunately, direct experimental indications 
in this area are still unavailable. The "weak point" of all the models of amplification of an 
EMR.-action with a polymeric structure of biomolecules is also the impossibility of immedi- 
ately using them to obtain multistage amplification. All the above considerations indicate so 
an incompleteness of present-day notions related to the molecular mechanisms of radiation 
reception. 
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Another category of models of EMR primary reception by biological systems, set forth 
by the author, was based on a specific mechanism of amplification of weak actions upon 
biomolecular aggregates participating in a complex system of chemical reactions, as a rule, 
of the catalytic type. To clarify some special features of molecular aggregation kinetics, let us 
analyze a few simple models [11, 12]. 

| The first one of them is the kinetics of formation 

of polymeric chains of identical monomeric links. In 

к, k, more general case, it is a matter of formation and 
^^ ae breakage of the bonds responsible for one or another 

D CCD CD level of the polymer structural organization (e.g., 

Ми wy a-helix, B-structure, etc.). The processes of the chain 

$1 k 5; k $2 synthesis and disintegration are shown in Fig. 4. 

Using the symbols 5, for n-links chains and denoting 


by k,, k_ the rates of the chain synthesis and disinte- 


Eget Pomaton ot polymerie eain gration (independent of their length), one obtains the 


reaction scheme 


S, Ly S, ES ntm * Qa) 

Another example (see Fig. 5) is the kinetics of sorption of gas molecules S on the stable 
macromolecules (or molecular aggregates) supposed to posses a definite number N of identi- 
cal and independent absorption centers. In a 
rough approximation, the model describes, 
for instance, the hydrated shell formation on 
a molecular globule surface. With the sym- 


bols C, (n=1, 2,..., N) denoting the macro- 


molecules on which п S-type molecules are 
absorbed and the constants k,, k as the 


absorption and desorbtion rates, the corre- 
sponding reaction scheme has the form 


k, 
S+C, Ca (2b) 


Fig. 5 Sorbtion of gas molecules As the last example, let us consider the 

kinetics of polymer synthesis by enzymes 
during which the polymeric chain P of a definite length (or of a given number N of mono- 
meric links) are gradually composed of substrate gas molecules S on the enzyme matrix sur- 


face, and then instantly leaves it (see Fig. 6). The simplest version of the reactions has the 
form 
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k, k. 
5+ C, Cap 5 + Cup" Cot P. (2c) 


Here the symbol С, denotes the enzyme ma- 


trix with п absorbed substrate molecules and 
k,, k_ are the rates of the absorption and 


desorption processes. 

By the mass action law, all the reactions 
(2a-2c) can be referred to sets of equations 
for reactants concentrations. Despite their 
differences, these equations are satisfied by 
similar stationary solutions. Thus, in all the 
examples, the expressions determining the 
stationary concentrations of the molecular 
aggregates formed of N units, are propor- 
tional to the N-th power of the quantity 
€=sk,/k_ that represents a ratio of concen- 


Fig. 6 Polymer synthesis by enzymes Ў и і 
trations of molecular formations of the unity- 


differed numbers of bonds. Indeed, to form such an aggregate the sequence of N elementary 
acts of the reaction has to be realized. At thermal equilibrium the quantity can be repre- 
sented the form 


6 = o exp[(^ - 10/ kg]. G) 
where и is the chemical potential of S-molecules, A is an absolute value of the bond energy. 
If the system is characterized by the ргорейу localized modes active in the corresponding 
frequency range, the dynamical EMR-action on the formation and breakage of the chemical 
bonds is reflected in a change of the parameters A and (ог) и. The thermal EMR-action 
causes a corresponding rise in the system temperature. 50, the relative increment 7; of the 
factor (3) under weak radiation can be represented in the form similar to Eq. (1). As for the 


concentration of molecular aggregates synthesized of N units, according to our results, its 
relative change is characterized by the factor М. For example, a relative change 77, of the 


equilibrium concentration p of the synthesized polymers is given by the expression 


np = ам, (4) 


where р is a stationary concentration of the polymers under EMR. Thus, with the values of 


N —10? —10? that are quite "realistic" about biomolecular aggregates (macromolecules), а 
relative change of their concentrations caused by the EMR-action can be a hundred or a 
thousand times greater than a corresponding change of formation or breakage rates of a 
separate bond. 
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Within the framework of the suggested idea of the amplification mechanism, condition- 
ing the possibility of noticeable weak fields' effect on the reactions’ course with the participa- 
tion of instable multiparticle associates, one may interpret, in particular, the data of the ex- 
periments showing high sensitivity of the reaction capability of partially hydrated proteins in 
respect of EHF EMR. The given interpretation well accords with the views of the water 
molecules as the primary targets under the action of radiation upon biosystems. 

Important information for evaluation of adequacy of physical theories and models sug- 
gested for explanation of primary mechanisms (or initial stages) of EHF-bioeffects, is pre- 
sented by the results of experiments investigating sensitivity of biological systems in respect 
to the radiation action on the cell level of their organization. In these experiments one can 
directly measure the change in the rate constants (or product output) of biochemical reac- 
tions under the action of EMR. Significant at this is the possibility of a direct control over 
the change in the system parameters during the experiment, which is very important from 
the viewpoint of comprehensive and detailed checking of some or other theoretical predic- 
tions. For example, an illustration of the above considered idea of unstable molecular aggre- 
gates was the interpretation in detail of rather untrivial experimental results on the influence 
of super-high-frequency (that is about 10? Hz) radiation on ferricyanide reduction by cells of 
erythrocytes. In particular, a shift of so-called anomalous intervals of temperature- 
dependence of the reaction rate under the influence of radiation was explained. 

An important feature of the regarded mechanism of amplification of the effectiveness of 
external actions in the svstems of chain reactions characteristic for biochemical processes is 
the possibility of formation on its basis of a stage (cascade) of two, three, etc. "amplifiers." А 
stage of this kind is formed, for instance, by a sequence of enzymatic synthesis reactions, 
when the products of the reaction, going with the participation of synthesized polymer P as 
enzyme, are then used as initial substance for creation of "new" polymer formations (P’), etc. 
At this in the presence of EMR, a relative change in the concentration of the products of 
each of the subsequent reactions is multiplied by the factor characterizing the number of 
newly formed bonds: 


"np- М'Пр = М'Мпе. 


A stage ої even а small number (two, three) of reactions with N,N’,...~ 10? —10? enables, in 
principle, to reach a considerable effectiveness of low-intensity EMR-action on the final 
product yield. 

It is noteworthy that with given values of the control parameters (the reaction rates, con- 
centration or flux of a certain part of the reactants), each of the above considered systems is 
characterized by one stable equilibrium state to where it returns after the radiation (or other 
perturbation) source is taken away. However, in general, a system of nonlinear equations of 
chemical kinetics can be characterized by several different stable stationary solutions corre- 
sponding to the same values of the control parameters. EMR-action on such a system can 
' result in an irreversible effect when, with the radiation source taken away, the svstem come 
to a state different from the initial one. About microwave therapy it is acceptable to mention 
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the transition between "pathological" and "normal" states of the organism due to the radia- 
tion action. 

A consistent phenomenological analysis of open non-equilibrium biochemical systems 
may be done in terms of reaction-diffusion equations (RDE) describing evolution of the re- 
actant concentrations in space and time. Such investigations can be classified under the class 
of problems of synergetics — a field of science exploring self-organizing systems and struc- 
tures. Since a general analytical RDE theory is not available, the methods of qualitative 
analysis of the equations and numerical experiment, going hand in hand, step forward as a 
methodological basis for their consideration. Relatively simple model systems serves then as 
testing ground for development of methods of the research. Applying to biological systems, 
in particular, to biochemical reactions, the role of investigation into the simplest models 
grows also because of the fact that, due to the characteristic hierarchy of rate constants of 
elementary acts and diffusion coefficients of reactants, complex RDE systems often divide 
into blocks, to which one can directly apply the results of the model research. Taking into 
account the external factor acting upon the system under study often corresponds to renor- 
malization of the control parameters in the evolution equations. In particular, the reaction 
rates, diffusion coefficients may change their values within certain intervals of time 
(responding to the periods of the action) and areas of space (in places of its localization). 

Our investigations [13-15] fulfilled on basic of synergetic models, such as the chemical 
trigger represented by so-called Schlogl scheme and a system of RDE known as Brusselator, 
show, in particular, that a transition between stationary states of multistable systems can be 
induced by control external action characterized by an over critical value of the influencing 
factor intensity. Incidentally, a certain minimal time of the action corresponds to a given 
intensity so, that one may say about a critical dose required for the transition. When the 
influence is carried out in successive sessions regime, then the switching will be achieved at a 
threshold value of the effective intensity dependent on the duty ratio of the control signal. 
For extended (in space) multistable systems the critical characteristics of control influence 
show their dependence on the class of spatial structures (or patterns) between which the 
transition is induced, and on the localization of the control factor. In particular, the exis- 
tence of points most sensitive to the influence is established. Having a highly developed 
imagination one can connect these points with that of the Chinese acupuncture. Extended 
systems are also characterized by a possibility of "passing" along a certain sequence of stable 
structures during influence. In particular, closed trajectories in the system state space and 
hysteresis effects can be realized. The mentioned peculiarities reflect general properties ої, 
susceptibility of self organizing structures (biosystems included) and are consistent with 
regularities marked in experiments on EHF-bioeffect observations and in MRT practice. 
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ПРО РОЛЬ МОЛЕКУЛЯРНИХ АНСАМБЛІВ У ПЕРВИННІЙ РЕЦЕПЦІЇ 
МІКРОХВИЛЬОВОГО ВИПРОМІНЮВАННЯ БІОСИСТЕМАМИ 


О.О. СЄРІКОВ 


Представлені результати узагальнюючого теоретичного аналізу можливих механізмів взаємодії 
між біологічними макромолекулами та мікрохвильовим електромагнітним полем. Показано,, 
що ефективна біологічна дія нетеплового випромінювання КВЧ -діапазону відповідає величині 
добротності дипольно-активних коливань первинних рецепторів порядку 103-109, що співпадає з 
відповідною характеристикою вузьких піків у спектрі дії випромінювання. Виходячи з 
модельних рівнянь кінетики синтезу та розпаду молекулярних агрегатів, запропоновано 
пояснення КВЧ-біоефекту, засноване на феномені надзвичайної чутливості до зовнішнього 
впливу реакцій за участю високомолекулярних сполучень. Обговорюється проблема 
незворотних переходів у мультистабільних біохімічних системах під дією зовнішнього поля. 


О РОЛИ МОЛЕКУЛЯРНЫХ АНСАМБЛЕЙ В ПЕРВИЧНОЙ РЕЦЕПЦИИ 
МИКРОВОЛНОВОГО ИЗЛУЧЕНИЯ БИОСИСТЕМАМИ 


А.А. СЕРИКОВ 


Представлены результаты обобщающего теоретического анализа возможных механизмов 
взаимодействия между биологическими макромолекулами и микроволновым электро- 
магнитным полем. Показано, что эффективное биологическое воздействие нетеплового 
излучения КВЧ-диапазона соответствует величине добротности дипольно-активных колебаний 
первичных рецепторов порядка 103-104, что совпадает с соответствующей характеристикой 
узких пиков в спектре действия излучения. Исходя из модельных уравнений кинетики синтеза и 
распада молекулярных агрегатов, предложено объяснение КВЧ-биоэффекта, основанное на 
феномене чрезвычайной чувствительности ко внешнему воздействию реакций с участием 
высокомолекулярных соединений. Обсуждается проблема необратимых переходов в 
мультистабильных биохимических системах под действием внешнего поля. 
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* 


The method of anomalous viscosity time dependence (AVTD) is used to study the action of the milli- 
meter waves (MMW) on the genome conformational state (GCS) of E.coli K12 cells and thymocytes 
of rat males (Wistar line). It is shown that in both cases the general regularities of response of living 
cells to MMW manifest themselves via resonance nature of the response; sensibility of the cells to 
superlow intensities of the electromagnetic field (EMF) which cannot be described in the quasi- 
classical approximation; existence of the selection rules for helicity. With the MMW intensity lower- 
ing, the Q-factors of the spectra-of-action resonances become higher. The results invite a quantum 
mechanical description of the interaction in question. 


( Received June 15, 1993) 


INTRODUCTION 


When considering the living cell as a nonequilibrium system possessing a spectrum of in- 
trinsic characteristic excitations of very low intensity, one expects to explain their role in the 
cell functioning [15-23]. Nowadays there exist several physical approaches to this problem. 
However, all of them imply the ability of the cell to response to weak EMF of the frequen- 
cies coinciding with those of intrinsic cellular oscillations. In a wider interpretation, any field 
feature, i.g., modulation, polarization, phase, etc. may turn out to be important. Sometimes, 
ignoring nonequilibrium properties of the system, they impose artificial constraints on the 
energy of quantum, for example, comparing it with the quantity KT. The latter are a feature 
of the thermal motion and, as some authors think [15], cannot play the leading part in dis- 
cussing the resonant interaction between the EMF and the nonequilibrium system. 

Thus, are living cells, generating ultraweak EMF of the mm band [20], able to response 
to external fields of the same intensity? Many experimental works unambiguously answer 
this question in the affirmative [1-14]. It has been shown that weak MMW can affect such 
substantial biological parameters of bacterial cells as tates of division and synthesis of DNA, 
RNA, proteins also processes of gene expression and functioning of cellular membranes 
[1-19]. It has been established that the change of the genome conformational state is the 
main link in all those changes. By GCS we mean the whole chromosomic DNA spatial or- 
ganization maintained by cooperative interactions with proteins, RNA, membranes and mi- 
croenvironment. The cellular response to the MMW is of pronounced character. Supposing 
a quantum mechanism of the interaction under consideration, we can relate the Q-factors of 
the observed resonance dependencies to the MMW intensity [15]. In view of this, in the pres- 
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ent paper we make a comparative study of the resonance dependencies of spectra of the 
MMW action upon cells of E.coli at different values of the power flux density (PFD). 
Treating the cell- MMW interaction in a quantum way, we may also expect a high efficacy of 
the MMW at low intensities when the quasi-classical approximation is inapplicable [21]. We 
test experimentally this hypothesis as well. 

A strong indication for the quantum mechanism of the cell-MMW interaction may be 
perceived in the previously discovered selection rules on helicity for the interaction between 
circularly polarized MMW and E.coli cells. The main regularities of the cell response to 
MMW were already established on bacterial cells [4-13]. Of special importance are the 
common features of the response displayed by cells of different levels of structural and func- 
tional organization. In particular, it is interesting to study the response regularities of im- 
mune-competent eucaryotic cells. In present paper we have studied the interaction between 
thymocytes of rats and low-intensive MMW. 


MATERIALS AND METHODS 


The E.coli KI2 AB1157 cells were cultivated in the Luria broth (typton 10 2-1-1, yeast ex- 
tract 5 я-Г!, NaCl 10 g-I!) at 33°C without shaking. Within 16-18 hours after the begin- 
ning of cultivation the optical density of the bacterial culture reached the value 
OD559=0.95+1.1. As a rule, cells were irradiated 550 on just that stage of early stationary 


phase of culture growth where the MMW-effect does not depend on ОР, [10]. Before ir- 


radiation, the cells were settled out by centrifugation and then diluted in the buffer M9 
(KH,PO, 3 8-Г!, NH,Cl 0.2 8-11, Ма,НРО, 6 g-I'!, MgSO, 1 g-I"!, NaCl 0.5 g-T-!, pH 7.0) 
typically up to the concentrations 4-107 or 4-108 cell/ml. Then the cell suspension was 
poured out 3.5 ml per plate in Petri plates 5 cm in diameter. The suspension was irradiated 
by the MMW in Petri plates with the help of an installation described previously [5]. In order 
to produce the superlow MMW intensities we inserted four strip-line attenuators into the 
waveguide system; each of them allowed us to reduce radiation density in the waveguide sys- 
tem by 50 dB; we also employed adjustment by the output level of the generator Г4-141 
(USSR). The attenuators were calibrated against applied frequencies over the power range 
107-10? W with the aid of the waltmeter M3-22A (USSR). Measurements taken on the 
stand (made at the VIDHUK center) have shown that the calibration varies up to 10-14 W 
(V.E. Lobarev, private comm.). All applied powers were set according to calibration of each 
attenuator. The exposed samples were shielded from the background MMW radiation with 
the aid of carbon-contained and aluminium shields. The false control was exposed during 
the maximal exposition time of each experiment, with attenuators of the waveguide system 
and of the generator being completely closed, without excluding the generation regime. Ac- 
cording to obtained calibration, such irradiation regime corresponded to PFD=10-23 W/cm?. 

Lysis of cells followed within 100-160 min. after the MMW irradiation beginning. The 
cells were shielded before lysis as well as during irradiation. 
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From the cultivation beginning to the lysis the cells were exposed to the geomagnetic field 
with its induction value 48+5 wT. After sedimentation of cells by centrifugation up to the 
lysis all electromagnetic devices in the laboratory, with exception of those of the stand, were 
switched off. 

The lysis of the E.coli cells was made as described previously [5], with minor modifica- 
tions. The cell suspension was transported | ml apiece into nitrocellulose test-tubes 
(Beckman, Ne 331370) employed as expendable stators of the rotary viscosimeter. Solutions 
of lysozyme (Sigma 1-6876, 1.5 mg/ml) 0.3 ml, sacrozyle (Serva 2%) 1 ml, and papaine- 
glycerin (Mark 3 mg/ml - 10%) 0.7 ml were successively added in every 10-15 min. to 1 ml of 
the cell suspension. All solutions were prepared in a lysing buffer (0.25 M EDTA, 0.01 M 
Tris HCl, pH 7.1). Lysates were kept in darkness for 40-45 h at 33°C. 

Thymocytes were isolated in a staridard way from rat males (Wistar line). The MMW ir- 
radiation of thymocytes was carried out in 0.1-ml of medium 199. After irradiation and sub- 
sequent incubation the thymocytes were lysed by successive additions of medium 199 0.9 ml, 
2% solution of sacrozyle 1.2 ml, 10% solution of glycerole 1.1 ml. Both solutions were pre- 
pared in 0.5 М Na, EDTA, 0.01 M Tris НСІ, pH 7.1. Lysates were allowed to warm up to 


46°C for ten minutes and then kept 1 h at 33°C before measuring AVTD. 

Then we measured AVTD, employing the previously described method, at the velocity 
gradient 225.8 s`! and shift tension т=6.5. 10-3 N/m?. In each modification of the experiment 
the AVTD curves was obtained in three independent measurements by which the average 
values of the maximal viscosity (7,,,. 1/4, ) (of the control samples and those after irradia- 
tion) were determined. The MMW action on the GCS was judged by the value of maximal 
relative viscosity (и): 


1 = max MMW / T max cont * 
“The difference between irradiated and control suspensions was determined in every ex- 
periment by at least three independent measurements according to the Student criterion for 
each irradiation modification. | 


RESULTS AND DISCUSSION 


Fig. 1 shows the time dependencies of GCS changes in E.coli cells after irradiation at one 
of previously revealed resonance frequencies 51.755 GHz. Typically, the effect reaches a pla- 
teau within a definite time of the irradiation of cells. With PFD decreasing, the time of 
reaching the plateau becomes longer. 

Fig. 2 shows the frequency dependencies of the effect at two values of PFD, 10-7 and 
10-18 W/cm?. When acting for 10 min. on cells at the early stationary phase (OD,;)=1.1), 
the MMW results in the growth of the AVTD peaks. As we have shown previously [10], this 
effect is produced by a rearrangement of protein groups in the chromosomic DNA. Irre- 
spective of PFD, the effect has a pronounced resonance dependence on frequency, with a 
‘maximum at 51.755 GHz. Nevertheless, the obtained frequency dependencies are strongly 
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З 2 different in their halfwidths 
amana 3°10), Wiem, f= 51.755 GHz 
xxxxx 31015 Wem КЕМВ) = 10 min of resonance. The latter are 
23-2 and 3.3+0.3 MHz at 
PFD of 107 and 10718 
Wicm2, respectively. Thus, 
we have revealed that, with 
PFD lowering, the half- 
width of resonance in the 
spectra of the MMW ac- 
tion decreases considera- 
‘bly. 
Irradiation of cells at 
the tardy stationary phase 


0 20 40 во во 100 120 140 160 180 (OD 550713) results in 
Time before lysis, min lowered AVTD peaks. As 


established previously, dif- 


Relative viscosity 


Fig. 1 Time dependence of the relative maximal viscosity in the pe- і 
riod between MMW-irradiation of the E.coli cells КІ2АВІ157 ferently directed GCS 
at the resonance frequency 51.755 GHz for 10 min and their changes are conditioned by 
lysis. The following two PFD values were employed: 3-10? details of protein rear- 
and 1078 W/cm’. Here as well as in other Figures standard rangements in the chro- 
deviations are presented mosomic DNA at different 

stages of bacterial culture 

growth [10]. Nevertheless 
we have obtained resonance dependence (at 51.755 GHz, halfwidth of the resonant response 
of cells does not depend on a stage of bacterial culture growth and is determined only by 
intensity of the MMW action upon cells. 

As is clear from Figs. 1, 2, the cell response is observable at PFDz10-18 W/cm?. We note 
that, at the intensities of 10-16 W/cm? and under, the resonance MMW-cell interaction in- 
vites a quantum mechanical consideration. This conclusion follows from the quasi-classical 
condition for the mm-band electromagnetic field under study [21]: 


I >>160 vAvc ? =10 16 W/cm2, 
where v=51.755 GH, and Av=10° is the halfwidth of the generator band, с=3. 1010 cm/s. 
We now estimate the least number of quanta that is sufficient to change the GCS of 


E.coli cells irradiated at concentrations 4- 107cell/ml and PFD=10-!8 W/cm. As we can see in 


Fig. 1, 2, the changes already take place under the action for 10 min. at PFDz10-18 W/cm?. 
Taking into account the concentration of the cell suspension under irradiation (470.17 cm) 
and the attenuation of MMW in aquaous solutions, we may conclude that the imident flux 
is completely absorbed by the suspension. The volume of a stationary E.coli cell is 
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V,=4- 10713 cm?. From this we can estimate, for our geometry, a fraction of cells which have 


absorbed the quanta for 10 min. at /=10-!? W/cm?. This fraction is 
v= IV (dhuy 1077. 


Therefore, noticeable GCS 
changes that can be detected by the 
AVTD method emerge under such 
irradiation conditions when on the 


ity 


at 
average one of 104 cells absorbs a 
quantum of the mm-band radia- 
tion. Apparently, being sensitive to 
the DNA chromosome conforma- 
tions averaged over all cells, the 
AVTD method cannot detect the 
GCS changes when the latter in- 
volve only one of the 10000 cells. 
The-efore, the studied resonance 
response of cells to extremely low 
MMW intensities is cooperative by 


Maximum relative visco 


Р Note also that a typical volume 
waluec 107 of the minimal ensemble of cells 
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TN = The cells were taken at the early reacting to ММУ (107 cells for the 


(OD Л) or late (ODs59=1.3) stationary stage of concentration 4-107 cell/ml) is 0.25 


ber culture growth 3 : : : uM 
mm?, and its dimension coincides 


with the MMW length in water. 
This estimation agrees with the attitude taken in [15, 23] concerning the role played by the 
mm-band coherent EMF in the functioning of living cells. 

By using the AVTD method we have studied the influence of MMW of different fre- 
quency bands upon the GCS of rat thymocytes. Over the band 41.295-41.310 GHz, the 
resonance responses to MMW are revealed in the cells of four rats under study. Within the 
experimental error, the resonance frequencies are identical, so that Fig. 3 presents the aver- 
aged-over-all-rats resonance dependence of the response of thymocytes, with the resonance 
frequency 41.303+0.001 GHz and halfwidth 6+1 MHz. 

Fig. 4 shows two dependencies of the effect on PFD which are obtained within 10 min. of 
irradiation at corresponding frequencies of E.coli cells and rat thymocytes. Qualitative simi- 
larity of both dependencies manifests itself in the regions of logarithmic growth and of sub- 
sequent saturation of the effect. 

As previously shown, a resonance response of GCS of E.coli cells manifests itself in only 
one of two possible circularly polarized MMW components [6, 7], with the sign of effective 
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Fig.3 Frequency dependence of the MMW effect on rat thymocytes. 
The average values of maximal relative viscosity were obtained 
within 10 min of MMW-irradiation of rat thymocytes at 
1 mW/cm? 


aaeee E, COLI CELLS, 51.76 GHz 
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Fig. 4 Dependence of the maximal relative viscosity on logantam of 
PFD (W/cm)). Obtained after 10 min MMW-irradiation 
thymocytes at the resonance frequency 41.61 GHz апа of E соб 
cells at 51.76 GHz 


polarization (helicity) 
being different, depend- 
ing on a resonance under 
study. This observation 
gave support to intro- 
duction of the selection 
rules on helicity for the 
interaction under consid- 
eration between bacterial 
cells and MMW. As we 
can see in Table 1, a dif- 
ferent efficiency of the 
right- and left-polarized 
radiation is observed in 
the case with the interac- 
tion between MMW and 
rat thymocytes as well. 
Thus, in the present 
paper we have demon- 
strated the presence of 
similar patterns of the 
interaction between 
MMW and both im- 
mune-competent eucary- 
otic cells 


cytes) and 
(E.coli) ce 

cases МММ 
noticeable 

GCS of Буш»? cells 


the macromolecular 


end. these changes аге 


accompanied by those in 
macromolecular synthe- 
ss. gene expression and 
proliferation of cells. 


77 


YE.D. ALIPOV, I. YA. BELYAEV etal. 


We list the main regularities that we have discovered in studying the resonance response 
of living cells to MMW: 

1) sensitivity to extremely-low-intensive monochromatic radiation; 

ii) decrease of the half-width of resonance dependence of the effect (up to the values 

typical for those of the generation band), with MMW PFD decreasing; 

ili) lastly, existence of the selection rules on helicity. 

From the whole collection of experimental data we may conclude that the interaction be- 
tween the mm EMF and living cells invites a quantum mechanical description. 
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Table 1. Efficiency of the right-polarized radiation related to the left-polarized one under the 
action on rat thymocytes 


1.27+0.17 


1.3030.16 
2 1.07+0.07 


ЕКСПЕРИМЕНТАЛЬНЕ ОБГРУНТУВАННЯ СПІЛЬНОСТІ РЕЗОНАНСНОЇ РЕАКЦІЇ 
КЛІТИН ПРОКАРІОТ І ЕУКАРІОТ НА МІЛІМЕТРОВІ ХВИЛІ НАДНИЗЬКОЇ 
ІНТЕНСИВНОСТІ 


Є.Д. АЛІПОВ, І.Я. БЕЛЯЄВ, В.Г. КРАВЧЕНКО, В.О. ПОЛУНІН, В.С. ЩЕГЛОВ 


У даній роботі методом аномальних часових залежностей в'язкості досліджено дію 
міліметрових хвиль (MMX) на конформаційний стан геному клітин E.coli КІ2 і тимоцитів 
пацюків-самців лінії Wistar. Показано, що в обох випадках виявляються загальні 
закономірності реакції живих клітин на MMX: резонансний відгук; чутливість клітин до 
наднизьких інтенсивностей електромагнітного поля, яку не можна описати у квазікласичному 
наближенні; наявність правил відбору за спіральністю. Встановлено збільшення добротності 
резонансів у спектрах дії в разі зменшення інтенсивності ММХ. 


Одержані результати вказують на необхідність введення квантово-механічного підходу для 
опису вищезгаданої взаємодії. 
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EXPERIMENTAL JUSTIFICATION FOR GENERALITY OF RESONANT RESPONSE 


ЗКСПЕРИМЕНТАЛЬНОЕ ОБОСНОВАНИЕ ОБЩНОСТИ РЕЗОНАНСНОЙ 
РЕАКЦИИ КЛЕТОК ПРОКАРИОТ И ЗУКАРМОТ НА МИЛЛИМЕТРОВЫЕ ВОЛНЫ 
СВЕРХНИЗКОЙ ИНТЕНСИВНОСТИ 


АЛИПОВ Е.Д., БЕЛЯЕВ И.Я., КРАВЧЕНКО В.Г., ПОЛУНИН В.А., ЩЕГЛОВ В.С. 


В настоящей работе методом аномальных временных зависимостей вязкости исследовано 
действие миллиметровых волн (ММВ) на конформационное состояние генома клеток E.coli 
K12 и тимоцитов крыс-самцов линии Wistar. Показано, что в обоих случаях проявляются 
общие закономерности реакции живых клеток на ММВ: резонансный отклик; чувствительность 
клеток к сверхнизким интенсивностям электромагнитного поля, которая не может быть 
описана в квазиклассическом приближении; наличие правил отбора по спиральности. 
Установлено увеличение добротности резонансов в спектрах действия при уменьшении 
интенсивности ММВ. 


Полученные результаты указывают на необходимость введения квантовомеханического 
подхода в описание рассматриваемого взаимодействия. 
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Non-Equilibrium Phase Transitions іп Living 
Systems Affected by Low-Intensive Microwave 
Radiation 


A.V. CHALY 


Ukrainian State Medical University, Kiev, Ukraine 


High susceptibility of systems undergoing phase transitions can explain their specific sensibility to 
external fields (namely, low-intensive microwave radiation). Synergetic approach to the problem of 
pattern formation in biochemically-reacting systems is developed. Shifts of the coordinates of bifur- 
cation points are calculated. Transitions between metastable and structural stable states in bioobjects 
under the action of electromagnetic radiation are studied. New mechanism of formation of coherent 
patterns on the level of biochemical reactions in a human body under the low-intensive mm-band 
electromagnetic radiation is proposed. 


( Received 24 June, 1993) 


The knowledge of basic principles of self-organization in open systems of different nature 
(physical, chemical, biological and others) which are in a state far from equilibrium embod- 
ies the latest advance in science. Nowadays, we may speak about the creation of a new in- 
terdisciplinary field referred to as synergetics which studies general principles governing for- 
mation and decomposition of spatial, temporal, or spatio-temporal patterns in open systems 
[1]. 

The main "first principle" of ordering and self-organization may be stated as follows: in 
organic and inorganic nature spatial. «строга! and spatio-temporal patterns arise as a 
manifestation of collective oscillations by way of fluctuations, their interaction and selection 
of those with the longest relaxation time. 

Out of the most developed methods of synergetics we should put emphasis on those of 

a) theory of nonlinear oscillations; 

b) kinetic models; 

с) physics of phase transitions. 

Anomaously high susceptibility of systems that undergo phase transitions and are close 
to their stability boundaries is a distinctive feature of bioobjects as well, with their specific 
sensibility to external factors. This highlights the methods of physics of phase transitions [2] 
among those mentioned above. 

The main idea of our approach to studying processes of ordering in living systems under 
the action of low-intensive microwave radiation is based on the assumption that many vi- 
tally important processes (such as biochemical reactions of fixing and dissociation of bio- 
logically active agents-mediators and corresponding proteins-receptors can be treated as 
phase transitions of the second kind that are of cooperative nature, given that components 
of a system under consideration interact with each other at long distances and for long 
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times. This statement is given good grounds. For example, remind secretion of acetylcholine 
into the synaptic cleft. This process is coherent in its behavior: Most of vesicles-lyposomes 
containing biologically active agents get wasted simultaneously under the action of an elec- 
trical signal (spike) on its reaching the end plate of a presynaptic membrane. In other words, 
the essence of the main hypothesis of the study pursued below can be reduced to the suppo- 
sition that in human organism there may arise coherent spatial and temporal patterns 
caused by biochemical coupling between different spatial points at different times. Macro- 
scopic character of the coupling can take place close by the stability boundary of biochemi- 
cal reaction, as happens with the line of phase transitions of the second kind (the spinodale) 
in physical systems. 

As regards the phase transitions leading to ordering on the level of vitally important bio- 
chemical reactions, their distinctive features, as is shown below, are the following: 

1. Growth of system's susceptibility to external factors. 

2. The notion of "weakness of the external action" loses its sense. 

3. Possibility of transitions of a biochemically-reacting system from one phase state to 

another under the action of external stimuli. 

The approach of a new type of ordering which can be reduced to a coherent pattern of 
the reactions responsible for the synaptic processes of transferring information between cells 
must play the leading part in understanding the pronounced response of human organism to 
external factors, including, first, low-intensive mm-band electromagnetic radiation (EHF 
EMR). 


SYNERGETIC APPROACH TO THE PROBLEM OF PATTERN FORMATION IN 
BIOCHEMICALLY-REACTING SYSTEMS 


The pronounced response of bioobjects to external stimuli, EHF EMR in particular, is 
conditioned by the interaction of fluctuations in a proper order parameter that are corre- 
lated at long distances and times. As a result, the external stimuli have a strong impact on 
the properties of such systems. Moreover, under certain conditions in bioobjects there hap- 
pen the processes of ordering and self-organization induced by external factors. 

In order to define and formulate the basic physical and biophysical principles of ordering 
in bioobjects it is necessary to single out the main governing mode (in terms of synergetics 
[1]), or, which is the same, the order parameter (in terms of physics of phase transitions [2]). 

For a system with biochemical reactions (he latter are the degree of completeness’ 
(coordinate, number of revolutions) & defined by the relation 


d&(F) = dn; (P) Jv; , (1) 
where dn; is the variation of the number of moles of the i-th component during reaction, V;'s 


are the stoichiometric coefficients. The conjugate (in the thermodynamic sense) of the degree 
of completeness is the reaction affinity A(r) represented by a linear combination of the 


chemical potentials д; (Р) '5 of the mixture components, namely [3] 
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ла Умиб). о) 


121 
Of prime importance is the biochemical reaction susceptibility у 
x= (26/21) p r- | 


At the stability boundary (spinodale) of the reaction the value of у goes to infinity. The 
reciprocal of the biochemical reaction susceptibility is expressed in terms of derivatives of 
chemical potentials with me to the number of moles of reaction components: 


Ew. v (Qu 0n), т, man, ` З) 


To describe fluctuations of local values of the degree of completeness we ‘expand the 
Gibbs potential (selected from other thermodynamic potentials to satisfy the isobaric and 
isothermal conditions that are typical for real bioobjects) into a functional Taylor series 


а и way Syn Те. i 


The functional derivative of the first order determines a local value of the reaction affin- 
ity А(Р). The functional derivative of the second order spécifies the direct correlation func- 
tion (DCF) of the biochemical system, 


C(r) (квт) 1526 EREE) 


("= -»). 


In the capacity of the effective Hamiltonian of systems with biochemical reactions we 
shall use the fluctuation part of the Gibbs thermodynamic potential. It is natural to choose 
this part in the Landau-Ginsburg form, well-known from the Landau theory of phase tran- 
sitions, 


(5) 


г 


AG[E] = [a*x суб? наце" «C (V) - A d - 
-Y&t p(o +C d Ур Е.Е E р ре LI Abs, (6) 
k k,k',k" 


where &; = [ee df is the Fourier transform of the order parameter (degree of com- 


pleteness) é(r). In (6) the expansion coefficients should be identified with the spatial mo- 
ments of DCF 


С = | (да, С) = [era | (7) 
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Thus, the value of x (more precisely, the zeroth spatial moment of DCF С.) specifies the 


coefficient in front of the squared order parameter in the expansion (6) of the fluctuation 
part of the Gibbs potential. 

A consistent investigation of the pattern formation process in biochemical systems invites 
the consideration of the correlation functions (CF) of the degree of completeness. The inter- 
action between the fluctuations in 2 (the term with £4 in the Landau-Ginsburg Hamiltonian) | 
can be taken into account with the aid of quantum field theory methods, using а diagram 
technique [5,6]. In the free-fluctuation approximation (і.е., with allowance for the quadratic 
and gradient terms of the Landau-Ginsburg Hamiltonian) the pair CF of fluctuations i in the 
degree of completeness reads 


146; 
ж К ky 
- =* НО 8 
(а. \= UE (8) 
As shown below, analytical behavior of the CF G(r) = (ERNER) in the coordinate 


representation 


EC -ю5) 


G(r) = 2) [аа 2 (9) 


ac 
сно faka? 


where d is the space dimensionality, determines whether ordered structures take place on the 
biochemical level. 


EXTERNAL FIELD EFFECT ON A SYSTEM WITH BIOCHEMICAL REACTIONS: 
CHANGE OF THE CORRELATION RADIUS AND COORDINATES OF 
BIFURCATION POINTS 


In order to study the effect of external fields (EHF EMR in particular) on a biochemical 
system we first consider a liquid dielectric placed in an external electric field. According to 
[7], the chemical potential of such system reads 


Ey | ОЕ 
не 202) E’, (10) 
2 T 


where ду is the chemical potential of the medium without any field. Obviously, the external 


electric field yields an additional contribution to the value of the zeroth moment C,: 


E?N 
AEG F0 do МЕС 
0 2кБТ E : "Да, у), 


We can see that this contribution is proportional to the square of the electric field 
strength as well as to the derivative of the second order of the dielectric permeability є with 


(11) 


respect to the density р. Given є in the standard Lorents-Lorents approximation, the quan- 
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tity 9? e] dp, р j vanishes. Therefore, one should consider correlation corrections to the di- 


electric permeability that originate from the effects of spatial dispersion. Calculating these 
corrections in the neighborhood of the critical point of dielectric liquid yields [8]: 


ate RW (eR, <], 


62,42; gen) e) 2 kR, >I), 


(12) 


where k is the wave number, R, is the correlation radius of fluctuations of the order parame- 


ter (or of fluctuations in density in the case with liquid dielectric). According to (12), on 
reaching the critical point in the space of strong spatial dispersion, where R, — oo, derivative 


of the second order дв dp, dp j becomes singular, since the critical index ¢~1.8 and 
(2/¢)-1=0.1. 
Extending these results to biological media of a human body that have, as a rule, well- 


pronounced dielectric and diamagnetic properties, we write down the contribution of the 
electromagnetic field to the DCF zeroth moment C, in the form 


22- 
~ 0H 
Mirco cs 
RiP; дадо) 


н? |. (13) 


where Д is the magnetic permeability of biological medium, and Н is the magnetic field 
strength of the electromagnetic wave. 

As noted above, the DCF zeroth moment C, determines the inverse susceptibility y `! of a 
biochemical system. The same moment, with the second one C > gives the correlation radius 


for fluctuations in the degree of completeness of a biochemical reaction. Indeed, as follows 
from general theory of critical fluctuations of the order parameter, the correlation radius 


К, = УС» /Co . 
Under the no-field condition the correlation radius 
: s -1/2 
N -Р 1 { ФР, 
Ried 4 27 SZ Phe) -2 (T-7,) (14) 
А р 


is determined only by closeness of temperature and pressure of a system with biochemical 
reactions to critical (bifurcation) values Т, and А, of reactants. 


Under the action of the external electromagnetic field the correlation radius varies by the 
formula 
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1/2 


: 2 2,25 
REA lc Cp - 4 У мм; *| 50 as Е? + До — н? || (15) 
| БГ jj . бу AP 


This result can be rationalized in terms of variations of critical (bifurcation) temperature 
and pressure ої reactants: 
a) under isobaric conditions the critical temperature varies by the quantity 


AT, =T -T --2(2 |а 27.20), de 
2 № p др, др, 
b) under isothermal conditions the critical pressure varies by the quantity 
Р, E e n OP 2 | 
in, epo СР + ——H | ат 
2 Ф; др; 


The critical (bifurcation) parameters Р, and Т, of reactants may be quite different from 
each other. Therefore, the dependence of the biochemical reaction susceptibility 


x (24/28) P Tto external factors on temperature under isobaric conditions, or on pres- 


sure under isothermal conditions (which is equivalent to variations of the electromagnetic 
field parameters), is expressed through a rather intricate function, reaching its local maxima 
"with the T,,'s and Р, 5 approaching their critical values T,, and P, for each of the reactants. 


Apparently, the principal maxima of these dependencies correspond to realization of the 
critical (bifurcation) value of principal order parameter, i.e., of the governing mode of the 
reaction. 


METASTABLE AND STRUCTURALLY STABLE STATES ІМ BIOOBJECTS 
TRANSITIONS BETWEEN THEM UNDER THE ACTION OF ELECTROMAGNETIC 
RADIATION 


The study for correlation functions of fluctuations in the degree of completeness in the 
neighborhood of the stability boundary of a biochemical system enables us to determine the 
conditions under which coherent spatial patterns (such as Turing structures, or rhythmic 
phenomena similar to autowaves of chemical activity in the Belousov-Zhabotinsky reaction) 
may arise in bioobjects. In what follows we show how the EMR may entail a transition from 

those states of a biochemical reaction which display no coherent behavior of the degree of 
completeness to a state that shows synchronized and slowly decaying with distance and time 
variations of CF of the degree-of-completeness fluctuations. 

Let us examine these conditions. . 

Suppose we have an initial state of a biochemical system in which both the spatial mo- 
ments C, and C, are positive. Such being the case, for d=3 (three-dimensional space) the pair 


СЕ of degree of completeness (9) has the form 
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V r 
G(r) = ——--——exp} -—— | /r, (18) 


where the correlation radius RE й 


is defined by Eq. (15). One can see that, with approach- 
ing the stability boundary (bifurcation point) at which the DCF zeroth moment Су vanishes, 
correlations between the local fluctuations in & become long-range, Gz (r) ~ Ук. Naturally, 


this means that coherent patterns cannot exist in such biochemical system. 
The situation changes dramatically under changing the sign of one of spatial moments, 
i.e., when Cy<0, C,>0 (thermodynamically metastable system), or Cy<0, C,<0 (medium 


with so-called upgoing diffusion, i.e., with a negative diffusion coefficient)! . Considering a 
system with biochemical reactions on the non thermodynamic branch of its states, i.e., when 
Cy<0 and C,>0. For d=3 its CF of fluctuations of degree of completeness reads 


aone). ^. (19) 


where N,,(Z) is the cylindrical Neumann function, and the correlation radius 


Ro =y Al 


The outcome (19) implies that in the system with biochemical reactions there arises 
slowly decaying and spatially periodic correlation between local values of the degree of 
completeness £; In other words, biochemical processes in different volumes become coherent 


at distances about the coherence length 2) = 27 - Съ Со] of arising patterns. When the sys- 
gin Ag 2/1-0 51 


tem approaches the stability boundary (Со — 0), the characteristic scale of periodic bio- 


chemical patterns becomes sufficiently great, up to macroscopic values. 
Let us examine the obtained formulae for the DCF zeroth spatial moment in the presence 
or absence of the external electromagnetic field. In the case with C)<0 and C,<0 CF С, is 


given by Eq. (18), i.e., there is no coherent pattern. When the external field switches on, the 
zeroth moment С, gains the addition ACEH given by Eq. (13). Since AC ii « 0, at suffi- 
cient closeness of the initial state to the stability boundary the zeroth moment value may 
change its sign, i.e., Со +АСЁ H <0. As follows from Eq. (13), such transition takes place at 


the specific values of magnetic H and electric E intensities of the electromagnetic wave as 
well as at anomaously great values of derivatives of dielectric and magnetic permeabilities 


with respect to density. As shown above, the growth of the derivative 2 ? el dp, ép j may take 


place roughly the critical (bifurcation) point. Furthermore, a considerable growth of those 


1 The point at which C» changes its sign is called Lifshits point. 
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derivatives may result in the particular EHF-resonance effects in dielectric media of а hu- 
man body (such as blood, lymph, spinal liquid, etc.). 

Thus, under the action of external electromagnetic field a biochemically reacting system 
can go from the thermodynamic stability domain (C570) to the domain of thermodynamic 


instability, where Co *ACE £0. The latter state possesses, nevertheless, structural stability 
in the sense that the quantity Co «CF 2 +С k? >0 owing to nonlocality (spatial dispersion) 


of fluctuations of the degree of completeness (r). From this we immediately arrive at the 


expression for the characteristic size of arising coherent pattern in the thermodynamically 


unstable domain: 
Ag =2л/ = С, /& ЗАСН |. (20) 


Such new coherent patterns in a biochemical system can be identified with, for example, 
the activation zone of receptor-acetylcholine complexes. 

Therefore, the physical-chemical mechanism of a transition of the system into an ordered 
state under the EMR action is based upon effective variation of coordinates of the bifurca- 
tion points (in particular, critical temperature and pressure) and, in consequence, upon the 
change of the sign of the DCF zeroth moment Су. As a result, the previously stabie struc- 


tureless system is driven bevond the stability boundary (spinodale) of the biochemical reac- 
tion, where thermodynamic instability is stabilized by the formation of coherent spatial or- 
dered patterns. 


DEPENDENCE OF ORDERED PATTERN FEATURES OF BIOOBJECTS ON 
ELECTROMAGNETIC FIELD PARAMETERS 


Let us estimate the EHF EMR effects upon a biochemically reacting system and investi- 
gate the dependence of features of ordered patterns on the EMR parameters. 

The frequencies of periodic chemical (biochemical) reactions (such as formation and dis- 
integration of mediator-receptor complexes) and those of the EHF electromagnetic processes 
satisfy the following strong inequality 


%ei-mag 7? biochem: 


that allows us to estimate the external EMR effects as averaged during biochemical reac- 
tions. 

Go on to the amount of energy absorbed per unit time in unit volume of the dispersive 
medium [9]: 


W = о(а2'Е 2 + Ny a). (21) 
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Here є" and Д” are the imaginary parts of dielectric and magnetic permeabilities, respec- 


tively, and the bar symbolizes average time. By virtue of the obvious relation, E? = I 2, 
where E, is the amplitude of the electric field strength, we have 


W= ce" EQ. Q2) 


To estimate the quantity W we specify Ü el magn of 6.3.1011 radian per second, i.e., the 


EHF EMR wave length of 3 mm. Let the surface density of power of the electromagnetic 


8| = 258 Ес = &&yEdc is of 


wave, incident on the bioobject, (i.c., Umov-Poynting's vector) 


the order 5 ^1 mW/cm?, as employed in microwave resonance therapy. Then the bulk den- 


sity of the electromagnetic wave energy 
&& EQ = B /e ж 3-107 5J/m?. 
Next, considering that the imaginary part of dielectric permeability =” with account for 


pair correlations of the order parameter is about 10-4е, we eventually obtain the desired 
value of absorbed power density of the EMR 


Ш'я»2 W/m. (23) 


Now we can compare this results with that value of energy per unit volume of the system 
with biochemical reactions that should be applicd to the system for unit time to reach its 
stability boundary with respect to its thermodynamic parameters (temperature and pres- 
sure). In other words, we have to estimate the quantity (Р-Р, МТ. іосрет under the isothermal 


approach to the stability boundary, or the quantity (2Р/2Т), (7-1) /Тьосвет under the 


isobaric approach. Using the real values of deviations of temperature and pressure from 
their critical (bifurcation) values 


de 5 
(Р-В.У/В, «(T-7,)/T, = 107, 
as well as the dimensional estimation of the derivative (2Р/СТ й ж п Р. | Т, where n=1 (in 


the Van-der-Waals model n=4) and assuming P.~10>Pa, T,=300°K for critical parameters 
and v,;,,,,7:10-? Hz for frequency v of the periodic biochemical reaction, we arrive at the 


following values 


(P- DM Танай ex 1072 W/m, 


(2Р/ӘТ) (T - Te) Тыт 3:107 Wim? Q4) 


Comparing the estimation of И” and the quoted values, we can see that a sufficiently 
weak EHF EMR power density can initiate a transition of the system beyond its stability 
boundary and formation of ordered coherent patterns. 
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CRITERIA AND MECHANISMS OF FORMATION OF COHERENT ORDERED 
PATTERNS IN BIOOBJECTS UNDER THE EHF EMR ACTION 


On the level of biochemical reaction» these criteria are reduced to the following inequali- 
ties to be satisfied: 
a) under the isobaric conditions 


(гр \ 
OE кі AT | | (T - Tic Vbiochein »і, (25) 
e /р А 
b) under the isothermal conditions 
об'єд ПР = Po) biochem >i. (26) 


From the quoted criteria it follows that formation of ordered patterns in biochemically 
reacting systems under the EHF EMR action is facilitated by 


a) increasing of electromagnetic oscillation frequency c, ,, agn 


b) increasing of electric intensity amplitude E, of the electromagnetic wave; 

c) increasing of imaginary part є" of dielectric permeability; 

d) decreasing of frequency of periodic biochemical processes; 

e) approaching nearer the critical (bifurcation) values of the thermodynamic parame- 
ters (temperature and pressure). 

Note that from (25) and (26) it follows that there exist some invariants, for example, 


oE? «"(е) = const. The presence of such frequency-dependent invariant implies that the same 


effect can be achieved at different frequencies with the proviso that the product of the EMR 
parameters (such as frequency and squared amplitude) into the bioobject parameter 
(imaginary part of dielectric permeability) will be kept constant during the action. 

Based on the quoted results we may exhibit the following scheme of formation of coher- 
ent patterns on the level of biochemical reactions in a human body under the EHF EMR 
action: 


RESONANT ABSORPTION OF EHF EMR IN 
BIOLOGICALLY ACTIVE POINTS (MOLECULAR 
"^ CHANNELS) 
Y 
THE EMERGENCE OF A NEW TYPE OF ORDERING: 
А COHERENT BEHAVIOR OF THE BIOCHEMICAL 
REACTIONS OF FIXING MEDIATORS AND RECEPTORS 
Y 


OBSERVABLE MANIFESTATIONS OF COHERENCY: 
EXTREMA OF CONDUCTIVITY AND SUSCEPTIBILITY 
ALONG SPATIAL COHERENT PATTERNS - MERIDIANS 
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The EHF EMR action upon biologically active points of human body is a primary act. 
The radiation is absorbed by one of molecular channels. A detailed mechanism of their 
functioning should be based upon microscopic considerations, similar to those pursued in 
[10] concerning transitions between the spin-dependent states of biomolecules. Note that one 
of the issue points concerning primary reception of the EHF EMR by bioobjects is to inves- 
tigate the frequency dependence of the electrodynamic features e(o) and Z/'(w) responsible 


for absorption of EMR in biological tissues and liquids of a human body also to determine 
their extremely properties just in the EHF band. 

As shown above, absorption of EMR leads to the emergence of a new type of ordering 
which is distinguished by a coherent course of biochemical reactions such as formation and 
disintegration of mediator-receptor complexes. The coherence manifests itself by, first, the 
establishment of long-range, macroscopic and spatially periodic correlations between local 
values of the order parameter of the biochemical reaction (its degree of completeness). 

The emerging spatial pattems have anomalous susceptibilities to external factors. Fur- 
ther, so long as conductivity is directly determined by the correlation function of currents, 
which can be expressed in a reasonable approximation through that of velocities and con- 
centrations, | 


~ (707,1) 7(0,0)) ~ (РСР (ОО) (п F, An (0.0)). 
then the susceptibility extrema leads to those of conductivity, since 


Zi (п, (F.r)n; (0.0). 

Next, И seems natural to suggest the following: spatial coherent patterns that have ex- 
trema of susceptibility and conductivity are just those directions — "meridians" - at which the 
meridians emerge from the human body on its surface. Such an interpretation agrees with 
the known fact that the resistance is lowered at the biologically active points. і 

The presented results are important for a better insight into the basic principles of the 
functioning of living systems in the presence of microwave radiation and for applications of 
microwave resonance therapy. 


НЕРІВНОВАЖНІ ФАЗОВІ ПЕРЕХОДИ В ЖИВИХ СИСТЕМАХ 
ПІД ДІЄЮ НИЗЬКОІНТЕНСИВНОГО МІКРОХВИЛЬОВОГО ВИПРОМІНЮВАННЯ 


О.В.ЧАЛИЙ 


Аномально висока сприйнятливість систем, в яких відбуваються фазові перетворення, може 
пояснити їх особливу чутливість до зовнішніх полів (наприклад, до малоінтенсивного 
мікрохвильового випромінювання). Розвинено синергетичний підхід до проблеми утворення 
впорядкованих структур в системах з біохімічними реакціями. Обчислені зсуви координат 
біфуркаційних точок. Визначено переходи між метастабільними та структурно-стійкими 
станами в біооб'єктах під впливом електромагнітного випромінювання. 


91 


А.М. CHALY 


Запропоновано новий механізм утворення впорядкованих когерентних структур на рівні 
біохімічних реакцій в організмі людини під впливом малоінтенсивного міліметрового 
електромагнітного випромінювання. 


НЕРАВНОВЕСНЫЕ ФАЗОВЫЕ ПЕРЕХОДЫ В ЖИВЫХ СИСТЕМАХ ПОД 
ВОЗДЕЙСТВИЕМ НИЗКОИНТЕНСИВНОГО МИКРОВОЛНОВОГО ИЗЛУЧЕНИЯ 


А.В.ЧАЛЫЙ 


Аномально большая восприимчивость систем, в которых происходят фазовые переходы, 
способна объяснить их особую чувствительность к внешним полям (в частности, к 
низкоинтенсивному микроволновому излучению). Развит синергетический подход к проблеме 
образования упорядоченных структур в системах с бпохимическими реакциями. Вычислены 
сдвиги координат бифуркационных точек. Определены переходы между метастабильными и 
структурно-устойчивыми состояниями в биообьектах под действием электромагнитного 
излучения. 


Предложен новый механизм образования когерентных структур на уровне биохимических 
реакций в организме человека под влиянием низкойнтенсивного миллиметрового электро- 
магнитного излучения. 
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Peculiarities of the Processes ої Proton Subsystem 
Ordering in Oxygen Water Solutions 


YE.A. ANDREYEV, О.М. KOVRYZHENKO, М.С. NIKISHINA 


Scientific Research Center "Vidhuk", Kiev, Ukraine 


According to dynamics of spin-latticed relaxation of protons in aqueous solutions the processes of 
oxygen solubility and diffusion in conditions imitating the liquid homeostasis of human organism are 

nder investigation. It is shown that under non-equilibrium conditions (excess oxygen concentration) 
above the critical value in a model aqueous system there appear long arranged correlations resulting 
in formation of meso- and macroscopic structures (non-equilibrium phase transition is realizing). 


(Received June 28, 1993) 


INTRODUCTION 


Water and oxygen role in human organism functioning are well-known. This work is de- 
voted to research of oxygen water solutions properties in concentrations approximating the 
physiological norm that is 10 and more times higher than the maximum values of pure water 
oxygenation at 37°C. 

It is common knowledge that biological objects, including human organism, are notably 
sensitive to mm-wave range electromagnetic fields of low intensity [1]. High efficacy of mi- 
crowave resonance therapy [2], and practical importance of nondrug method of the func- 
tional disturbances correction make it the topical problem to reveal the mechanisms of initial 
reception of weak electromagnetic radiation (EMR) also the mechanisms of strengthening 
and evolution of an initial disturbance in a system. 

There are well-known researches when the biosystem's response has been revealed at all 
levels of hierarchic organization, including a level of the reactive sites [3, 4]. 

Developing a concept that a bioobject can be regarded as hierarchy of dissipative struc- 
tures we assumed that in the idea of the "alive" a molecular level of organization at which 
structurization of the system might take place should be included. 

For all bioobjects the molecular level of the organization is an aqueous electrolytic me- 
dium, through which a metabolite stream flows. Thus, this medium is a non-equilibrium sys- 
tem, that is typical for synergetics, and its behavior may be considered while of simple physi- 
cal regularities. An integral velocity of an oxygen flux and its utilization velocity in meta- 
bolic processes are very important control parameters for such highly organized bioobject as 
human organism. It is common knowledge that blocking an oxidizing phosphorylation chain 
leads to eighteen-fold decrease of energy production speed [5]. 

When water is a scene, at which all biochemical reactions take place, the change of diffu- 
sion coefficients is one of the ways of the process kinetics control. Water is an active partici- 
раїог of non-equilibrium phase transitiors. Consequently, the change of water diffusion 
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characteristics on the account of supreme high frequency of electromagnetic radiation (SHF 
EMR) influence may provide a significant bioeffect [6]. | 

The availability of some impurities of biological origin in pure water may essentially in- 
fluence on a character of oxygen and water molecules' physical interaction. From the medi- 
cal point of view it means that the change of oxygen diffusion coefficients in the organism's 
aqueous electrolytic medium may provide a local pathological process (local hypoxia or hy- 
peroxia). The paramagnetic properties of dissolved oxygen under certain conditions may 
cause the appearance of ferromagnetic domains with two sublattices in water mtedium, the 
proton subsystem is one of them. Such domains have their eigen-frequencies of resonance 
magnetic moment precession (exchange resonances) in the range 1019-101! Hz. They are 
sensitive to external magnetic field and to the polarization of electromagnetic radiations. All 
these properties are within the frame of Fróhlich's conception [7] of the resonance perception 
of EMR by biological objects. | 

All the above has given grounds to set up the hypothesis that the structural water mag- 
netic states in the biosystems are the primary receptors of SHF EMR. 

The aim of this work was to search for a pattern medium imitating low molecular aque- 
ous homeostasis of the human organism and its investigation. Averaged electromagnetic 
potential of the water molecules protons was used as a characteristic of the investigated me- 
dium. The same protons were a peculiar kind of "probe" in as far as a velocity of the proton 
relaxation was a value being measured. 


MATERIALS AND METHODS 


Maximum amplitude (A дах) of nuclear magnetization echo-signal proportional to most 
protons іп an identical microscopic environment and kinetics of induced signal decay (Т,), 
characterizing a spin-lattice interaction intensity served as investigated parameters of the 
water systems. 

The spin-lattice relaxation time was measured by the NMR (nuclear magnetic resonance) 
relaxometer "МИНИСПИН-ЗХО" with an operating frequency 5.5+0.55 MHz. Automatic 
data processing of the measurements was made by the on-line computer. For Т, measure- 
ments an impulse sequence 90°-180°-т-90°-180° was used, where т - a fundamental interval 
of time delay after a carrier frequency pulse input, which is 80 ms; The longest time delay 
was 2560 ms; The triggering period - 10 s; Individual measurement time - 320 s; Maximum 
error — 5%. On a logarithmic scale kinetics of the echo-signal decay presents a straight line, 
its tangent of an angle of inclination is proportional to a relaxation velocity R. 
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Spin-lattice Relaxation Time 


1 1 2 3 1 1 24 25 
Time (hours) 


Fig. 1 The dynamics of the spin-latticed relaxation time in water during dissolving of 
different gases: | - the cooling up to the 0°C in the air; 2 - the cooling up to the 
0°С by liquid nitrogen; 2-3 - the heating up to room temperature and eduction 
of superfluous nitrogen on the ampoule's walls: 3 - the removal of bubbles; 
4 – the addition of liquid oxygen and the cooling up to the 0°C; 5 - the second 
addition of the liquid oxygen to the system; 6 - the third oxygen addition to the 
system, after which the two-exponential relaxation appeared 

Graduation and stability of the installation were checking both against standard, sealed 
in a glass ampule, samples with well-known characteristics and by the investigated sarnples 
dynamics control during over a long period. Measuring system and the water samples are 
seen to have reasonably stable and readily reproducible parameter values. 

For making the model systems three methods of the oxygen introduction into the me- 
dium were used. The first of them involved a prolonged keeping of twice-disti'led water in a 
vessel with a large area of a surface of liquid-gas separation or bubbling of this water 
through a filter by an atmosphere air. Under this approach the maximum solution concen- 
tration is determined by oxygen solubility at given temperature. Considering that here a ni- 
trogen impurity, solubility of which some twice less than that of oxygen [8], appears in the 
solution we used the second method: saturation of water by liquid oxygen steam (and liquid 
nitrogen steam - for comparison) at relatively low temperatures (0-2°C) followed by heating 
to room temperature. Corresponding kinetics of the proton relaxation time is shown in 
Fig. 1. 

When our goal was to study the model systems with characteristics approximating to the 
parameters of human native blood plasma, we used the third method for producing the 
physiological concentrations of oxygen in water — the reaction of hydrogen peroxide (Н,О,) 
decomposition into oxygen and water (spontaneously by a catalyst). An investigation of 
long-term dependence of time T, for the water-hydrogen peroxide system at sufficiently 


great H,O, concentrations confirmed the point of spontaneous decomposition of hydrogen 


peroxide with molecular oxygen generation. In Fig. 2 is shown a distinguishing dependence 
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of T, on the current time for different concentrations (Н,О,) and consequently, for different 
velocities of O, generation. 
T1(s) 


Sa UESTRO SE mE-m-m m 


Mo 

E 
e- --e Т15 (slow) 
и-и T1 (single) 
æ D AT (fast) 

n] 


— ДР -n 


Spin-lattice Relaxation Time 


------——- 


1-2 3:45 24 25 26 27 1 24 25 
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Fig. 2 The dynamics of spin-latticed relaxation time of the hydrogen peroxide in water 
solution with following concentrations: a - 0.03%; b — 0.3%; с - 7.5%; d - 15%; 
e — 30%. The relaxation time values of different curves are plotted on the ordi- 
nate. The double parts of both curves "а" and "с" show the appearance of the 
non-exponential relaxation of the investigated system being approximated by 
two exponents 
To decrease an initial peroxide concentration and its influence on the properties of the 
oxygen aqueous solutions the catalysts of different types were used: ammonia, potassium 
bichromate, hemoglobin, catalase. The potassium, bichromate (KCr,O7) and ammonia 
aqueous solution (NH,OH), providing the necessary velocity and degree of peroxide decom- 
position at volume densities in the solution about 0.001% best suited to our work. For 
checking the quantity of the oxygen dissolved in the system the data of the work [9] were 
used. In this work the times of the proton relaxation T, and T, of the oxygen water solutions 
are described by the empirical regularities: T=0.284+4.65-10!9, where М -- concentration of 
oxygen. 


RESULTS OF THE EXPERIMENTS 


Shown in Fig. 3 are some representative examples of the experimental data on measure- 
ments of T, for different degrees of water oxygenation. So, the straight line "a" with the re- 
laxation time 220-20 ms is characteristic for twice-distilled water, being settled for 2 days 
after preparation. The straight line "b" (99016 ms) is the result of measurement of the sys- 
tem with dissolved oxygen concentration 1.6: 1018, Relationships of "c" and "d" engage our 
attention. The curves "c" and "d" show that with concentration of oxygen about 1.1-10!8 the 


system has become heterogeneous and is characterized by two values of the relaxation time 
Ти, (slow) and T,, (fast) simultaneously. In the figure one can clearly see two phases with 
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different relaxation time (Т, =2300+100 ms and Т 7420345 ms) for the curve "с" ог the 
phases T,, =1350+130 ms and Т 7730-60 ms for the curve "d." This point is very important 


as the amplitudes of the fast and slow components are commensurable with each other and 
may be changed under the influence of external effects or during the time. 


400 800 1200 1600 2000 2400 2800 
Time (ms) 


Fig. 3 Examples of the initial experimental data on measuring of spin-latticed relaxa- 
tion time of the oxygen water solution: а - the decreasing of the echo-signal 
amplitude (in the logarithm scale) under the relaxation time Т!=2000+22 ms; 
b - the echo-signal decreasing under the relaxation time Т1=995+15 ms; с - two 
components with relaxation times Ті, 2300-1100 ms and Ti=420445 ms; d - two 
components with relaxation times T),=1350£130 ms and Ту=740+60 ms 


This phenomenon is conserved over a period of two or more days (dependence "є" in 
Fig. 2) and is connected with a velocity of oxygen generation, given by the initial peroxide 
and catalyst concentrations. Supposition concerning the role of Н.О, as the heaviest com- 
ponent in breaking down water solution into fractions was checked by layer-by-layer titra- 
tion (Imm) of the ampule contents with the use of potassium permanganate (the standard — 
the titre) to uncover the vertical gradients of the Н.О, concentration. The results of the ex- 


periments showed the absence of variety in the peroxide concentrations within the error of 
measurements. 

The fractionated system behavior observations made it possible to find out that competi- 
tion of two processes oxygenation decrease through a surface diffusion and gassing with mi- 
cro bubbles formation - was associated with a collective (macroscopic) behavior of the 
whole solution. If relaxation time kinetics for the model system, in which the oxygen concen- 
tration is maintained at the level of 1.2-1018, and blood serum kinetics are compared one 
. would notice their similar behavior. This point is very important when it testifies to а domi- 

nant role of oxygen in the heterogeneous medium formation. 

When speaking of these processes velocities, then we can say that the structural transfor- 
mations take place in time shorter than the time of a single measurement of а device (32 s). 
The effect of the system division in two fractions may retain withim twenty - four hours that 


97 


УЕ.А. ANDREYEV, О.М. KOVRYZHENKO, М.С. NIKISHINA 


is the evidence of the system relative stability. The observed transformations are пої sponta- 
neous when they are initiated either by the internal fluctuations or by the measuring device . 
action upon the investigated system. We are reminded that the process of relaxation time T, 
measurement consists of a forced reorientation of an excessive magnetization vector of the 
spin subsystem through 90° or 180° by an outside resonance electromagnetic signal. Broadly 
speaking, this action is reasonable "strong" in relation to the investigated system and is able 
to stimulate the ordering processes, which may be classified as non-equilibrium phase transi- 
tions. 
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Fig. 4 The comparative dynamics of the spin-relaxation of two samples with different 
initial component concentrations: а - relaxation times Ti, and Ti, (slow and fast 
components of the magnetic induction decreasing); b - maximum amplitudes А, 


and 4 | 


In more detail we studied the behavior of the system under conditions in which it was far 
from the conditions of the phase transition. The system was transferred into different final 
states, in which a relative fraction content was reversed, when the starting conditions were 
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changed on the account of the chemical agents concentrations. In Fig .4a is shown kinetics 
of the relaxation time T,, and T,, (slow and fast components) with their relative concentra- 


tions А, and А, (Fig. 4b) for the model system when for one Н.О, molecule there are 366 
Н.О molecules for one NH,OH molecule - 984 H,O molecules, for one KCr,0, molecule - 
1.1-10° H,O molecules. Under such starting COuuwiou the system behaves as it may be pre- 


dicted and is illustrated by the corresponding curves. It might be useful to point out that the 
ratio А, /4 if is variable from 0.5 to 6 within time, here in the final state there is substan- 


tially more "free" water the phase with a longer time of relaxation than "bound" water. 
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Fig. 5 The model system reaction on the mechanical (convective) action. The simple- 
valued increasing of the spin-lattice relaxation time in the samples with different 
dissolved oxygen concentrations shows the decreasing of the average over the 
volume viscosity 

If the starting concentrations are slightly changed, a large share of water turns out to be 
"bound" in the final state of the system - sample 2, Fig.4b. The relaxation time therewith is 
also changed, but not so significantly. 


DISCUSSION 
The state data are non-equilibrium when the O, concentration is significantly superior to 


the maximum for water solution, and consequently the system reverts to the homogeneous 
state within 24 hours. If the systems parameters are close to the conditions of phase transi- 
tion, the system is found acutely sensitive to the external influence. 

The most impressive point is the sensitivity to a moderate convective action (a test tube 
shaking, pouring-over, passing through a capillary tube). It turns out that shear stress be- 
tween different water layers, caused by rolling of the test tube around a vertical axis, is liable 
to damage associations that are responsible for macroscopic properties of the whole volume. 
In Fig. 5 is presented the time relaxation kinetics for 5 samples after test tube shaking. It is 
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seen that in spite of the uniqueness of the system reaction (the solution becomes more 
"liquid") the prior situation influences on a particular behavior regime. 


= - -e T1s (slow) 
a-a T1 (single) 
а---а Tif (fast) 


Spin-lattice Relaxation Time 


2 4 6 20 22 24 26 28 42 44 46 48 50 
Time (hours) 


Fig. 6 Spontaneous and stimulated by external actions phase transitions in oxygen 

water solution observed by the proton-relaxation method: a, b — extraction of 

the investigated sample from the magnetic relaxometer chamber and returning 

without the space orientation change: c - the moment of the reorientation on 

180? of the investigated system in constant relaxometer magnetic field; d — the 

moment of mixing of the solution in gauge ampoule 

As mentioned above, the spin subsystem of the water hydrogen atoms is sensitive to ex- 
ternal action of Larmor frequency. Therefore it is not surprising that it is also "sensitive" to 
induction vector direction of the external magnetic field B. One can repeatedly withdraw a 
spin – ordered system from a measuring magnetic field and put (insert) it back (with mini- 
mum possible accelerations) and is doing so observe no visible changes. Yet, reorientation of 
the sample through 180°, equivalent to the change of a constant magnetic field direction, is а 
profound disturbance for the system, it causes the phase transition (see Fig. 6). On this figure 
the "a", "b" arrow symbolize the instant, when the oxygen water to 2.1.1018 I/cm? is 
gradually withdrawn from the measuring magnetic field and then is inserted in the same ori- 
entation. The "c"-arrow stands for the same manipulation with the test tube reorientation 
through 180? outside the magnet. It is seen that after that in the medium arise two fractions 
with two values of time Т 70.4 s and T,, =1.2 s. This state is also stable and it is held within 


more than one hour. Vigorous shaking of the water solution ("d"-arrow) transfers it to a 
homogeneous (very "liquid") state with the relaxation time 2.3 s, which is the equivalent to 
standard distilled water, though the soluted oxygen has been completely retained. This is 
sustained by kinetics of relaxation time turned to its starting value 1.2 s. These data show 
that throughout investigated volume the appearance of macroscopic loosely bound struc- 
tures from the water molecules, being in a particular "slow quasi-crvstal" state is possible. 
Self-assembling of such structures takes place in rather narrow limits pi the values of the 
impurities concentrations, the main of which is oxygen: 
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CONCLUSIONS 


1. Native blood plasma has its characteristic dynamics of the proton subsystem state, 
connected with the environmental conditions fluctuations, such as partial gas pressure, tem- 
perature, geomagnetic field and measuring device influence. Instabilities mentioned above 
are stimulated bv oxvgen dissolved in blood plasma. 

2. Under non-equilibrium conditions (excess oxygen concentration) above the critical 
value in a model aqueous system there appear long range interaction correlations resulting in 
formation of the meso - and macroscopic structures from the impurity-water components. 
One mav assume that then the non-equilibrium phase transition takes place. For all this the 
molecular oxygen diffusion coefficients are sharply decreased. 

3. The model water media on the basis of supersaturated oxygen solutions are sensitive 
to the weak external actions and can be used for investigations of peculiarities of resonance 
reception of low intensive millimeter radiation. 


ОСОБЛИВОСТІ ПРОЦЕСІВ УПОРЯДКУВАННЯ ПРОТОННОЇ 
ПІДСИСТЕМИ У ВОДНИХ РОЗЧИНАХ КИСНЮ 


Є.О. АНДРЕЄВ, О.М. КОВРИЖЕНКО, Н.Г. НІКІШИНА 


За динамікою спин-решіткової релаксації протонів у водних розчинах досліджені процеси 
розчинення та дифузії кисню в умовах, що імітують рідинний гомеостаз організму людини. 
Показано, що при забезпеченні нерівноважності (надмірної концентрації кисню) вище 
критичного значення в модельній водній системі виникають далекодіючі кореляції, Які 
призводять до формування мезо- та макроскопічних структур (реалізується нерівноважний 
фазовий перехід). 


ОСОБЕННОСТИ ПРОЦЕССОВ УПОРЯДОЧЕНИЯ ПРОТОННОЙ 
ПОДСИСТЕМЫ В ВОДНЫХ РАСТВОРАХ КИСЛОРОДА 


Е.А. АНДРЕЕВ, О.М. КОВРЫЖЕНКО, Н.Г. НИКИШИНА 


По динамике спин-решеточной релаксации протонов в водных растворах исследованы 
процессы растворения и диффузии кислорода в условиях, имитирующих жидкостный гомеостаз 
организма человека. Показано, что при обеспечении  HepaBHoBecHOCTH (избыточной 
концентрации кислорода) выше критического значения в модельной водной системе возникают 
дальнодействующие корреляции, приводящие к формированию мезо- и макроскопических 
структур (реализуется неравновесный фазовый переход). 
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Coherent Microwave Electromagnetic Field as a 
Physical Model of Macroscopic Quantum States of 
the Multicellular Organism 


V.V. GIZHKO, S.P. SITKO 


Scientific Research Center "Vidhuk", Kiev, Ukraine 


Grounding on the qualitative analysis of equations the semiclassic radiation interaction theory dis- 
cussed in respect to the millimeter range of wave lengths and water medium of biological objects the 
general characteristics of electromagnetic limit cycles are analyzed in respect to the peculiarity of 
human anatomy. The correspondence between these characteristics and laws of classical acupuncture 
system meridian topography is determined. The conditions of quantification of coherent electromag- 
netic field orbits are under discussion as general conditions of stability of different forms of multicel- 
lular organism on all stages of morphogenesis. 


( Received September 20, 1993) 


INTRODUCTION 


When going on from protozoa to multicellular organisms, we can observe new common 
peculiarities of their response to low-intensity millimeter electromagnetic radiation (mm 
EMR) [1-3]. Correlation between the organism's points sensitive to the mm EMR therapeu- 
tic action and the classical Chinese acupuncture zones seems to be of particular interest [4]. 

As mentioned above we shall show that the radiation field limit cycle that arises in the 
model of active cellular centers in an absorbing medium allows us to explain the acupuncture 
meridian's topography and its connection with organism's anatomy. Therefore, a process of 
complication of multicellular organism consists with respect to resonant microwave effects in 
creating its own coherent radiation field. 

Properties of stable states of coherent electromagnetic radiation field make it possible to 
interpret easily the experimentally observed salient features of the resonant therapeutic ac- 
tion of the external mm EMR. 

Consistently developed, the proposed idea is also useful in describing the papillary pat- 
terns on the palms and feet as well as in defining the biological role of the coherent mm 

-EMR field of the organism. Quantization of orbits of the EMR-field one-photon states is а 
general condition for multicellular organism forms to be stable at all stages of morphogene- 
sis. 


ACTIVE CELLULAR CENTERS IN AN ABSORBING MEDIUM 


Suppose that in the сеї! there may exist a selected pair of states between which the reso- 
nant microwave radiative transitions — the cellular bioresonance (CBR) - is allowed. Consid- 
ering possible nonequilibrium character of these states we can estimate that intensity of 
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pumping the upper state under which over-an-ensemble amplification of the CBR may ex- 
ceed the loss by absorption in the medium. Setting the linear absorption coefficient equal to 
its typical value 30 cm! [5], we find that the rate of radiative transitions in the presence of 
thermal (Planck's) radiation is about 5-105 cm^?s!, Then at the cells concentration 107 cm? 
and CBR concentration 1 per cell, the population inversion 1?6 and probability of spontane- 
ous radiation 0.1 s'!, the induced radiation rate of the active transition will exceed the rate of 
absorption by the medium. The derived probability of spontaneous radiation is by several 
orders of magnitude less than its basically possible value for the microwave range [6]. Note 
that if thermalization or participation in chemical reactions are negligible, then the difference 
of populations of the states under consideration proves to be strongly saturated: here the 
saturation parameter are equal to the ratio of the rates of induced and spontaneous radia- 
tive transitions, i.e., kT/hv under thermal equilibrium. 

At the frequency 60 GHz, this ratio is about 100. Therefore, with the rates of chemical 
reactions or thermalization that are no more than 100 times as many as those of spontane- 
ous decay, saturation of the inverse occupation caused by radiation becomes a factor even at 
thermal densities of the radiation. Within a semiclassical approach to treating an infinite 
one-dimensional system of active centers with the aid of the Bloch-Maxwell equation, con- 
sidering absorption and saturation in the slow-varying amplitude approximation, one can 
readily obtain an explicit expression of one limit cycle: the traveling wave of a definite ampli- 
tude. As this limit cycle exists at the resonance frequency, its phase velocity is determined 
exactly by the real part of the refraction index of the absorbing medium. 

In the simplest generalization of the one-dimensional model - іп three-dimensional me- 
dium with a homogeneous concentration of the amplifying CBR's - this limit cycle corre- 
sponds to a set of "whispering" modes, i.e., plane waves closed trajectories after reflections, 
repeated many times, from the volume boundaries. 


ACUPUNCTURE POINTS AS POINTS OF REFLECTION 
OF THE TRAVELING WAVE 


In a medium with refraction index in homogeneity the traveling wave may follow rather 
complicated trajectories. For example, the presence of the bones makes it possible to distin- 
guish the inner and outer parts (relatively independent of each other) of the arm. In each of 
these parts the traveling wave trajectories must follow both the body surface shape and that 
of the corresponding bone surface. Particularly, within the sections with thick layers of mus- 
cular mass, the reflection points should be much more widely spaced than those within the 
thin sections. | 

Besides, in the bodies with an intricate surface the requirement, normally specified to the 
active modes, of the least loss under reflections, must lead to restrictions on the cross section 
of the traveling wave, so that the points of its reflection from the body surface are the size 
nearly this cross section. 
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The same minimal-loss requirement can serve as a criterion of structural stability of tra- 
jectories with respect to the group of natural deformations of the body. For example, there 
exists a simple possibility to ensure such stability with respect to articulation flexion - for 
this purpose, the trajectory must have a reflection point exactly opposite the flexure. 

Examining the acupuncture point atlases [7] we have found that the points, supposed to 
be the ones of the plane wave reflection from the body surface, are located in excellent 
agreement with these conclusions. Joining the points of successive reflections of the wave 
coincides with a Chinese meridian. In Fig. 1 the lung meridian points are presented; the sup- 
posed trajectory (depicted with solid line) of the traveling whispering mode illustrates the 
general principle of correspondence between the acupuncture points and peculiarities of or- 
ganism's anatomy. 

Coordination between form of the body and arrangement of the meridians allows us to 
think that similar self-consistency is inherent in all the stages of ontogenesis, so that the 
growth rates and type of cell differentiation can be determined by structure and parameters 
of coherent microwave fields that, in their turn, can 
change following the changes in the cell types and 
the shapes of organs and tissues. 

From the outlined point of view, the methods of 
needle acupuncture and tsubotherapy (impressing 
metal balls into the skin at the acupuncture point) 
are based upon introducing additional local loss due 
to diffraction of the wave by the introduced inho- 
mogeneity. A similar effect should be initiated by 
exposing the point to an external resonant electro- 
magnetic field - even a weak field should saturate 
the population inversion at the irradiated point, 
leading to the growth of loss for the active mode 
which passes through the point. Thus, the subse- 
quent (with respect to the meridian's direction) part 
of the mode "switches off" from the influence of the 
preceding part; along the meridian there may also 
take place a direct pumping due to scattering the 
external radiation into a necessary mode. 

Fig. 1 Right hand with the bones and Next, active nature of the meridians accounts for 
meridian points of lungs. The their ability to swerve nature of the meridians ac- 
supposed trajectory of a travel- counts for their ability to swerve from the classical 
ling "wispering" mode is drawn bv pm й ; " zi 
a full line . trajectories. For example, there exist the "magic 

meridians. Rudenko's meridian [8] is another ex- 

ample. Deviations of the meridians from their clas- 

sical trajectories serve as a flaw detector, revealing the changes of dielectric characteristics or 
metabolic activity of cells (organs). 
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PAPILLARY PATTERNS OF PALMS AND FEET 


AS A MICROWAVE HOLOGRAM 


Here we give some evidence of the fact that the papillary patterns are in phase with the 
interference patterns of two opposing coherent microwaves. 


exe 


a 


Fig. 2 a- roentgenogram of a hand finger with a supposed wave trajectory; b — imprint of рарШаг 


lines of the same finger 


In Fig. 2a the suggested wave trajectory is marked on the finger radiograph, and Fig. 2b 
shows the fingerprint of the same finger. The value of the angle included between wave vec- 
tors is not constant, and its variations display the intricate shape of the finger phalange 
bones. Variations of the interference pattern period d are connected with those of the angle v 
included between the wave vectors of the interfering waves by the elementary relationship 


d = Af2sin(8/2), 


where d is a interference picture period, A is the wavelength of the organism, 0 — an angle 
between the wave vectors of interfering waves. 


b 


Fig.3 Dependence of a picture of inter- 
ference lines on a model form of 
the phalange surface: a - the case 
of the flat surface; 5 — the case of 
the spherical surface 
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As it is known from observations of formations 
of papillary patterns on the finger distal phalanges 
of embryos, the beginning of comb formation coin- 
cides with that of cartilage hardening. Besides, an 
arched pattern is always formed on a flat phalange, 
whereas a curled one - a phalange that has a рго- 
nounced convex shape at the beginning of comb 
formation [9]. Our hypothesis fits these facts. With 
the beginning of cartilage hardening, the necessary 
structure of the wave field arises. As for the depend- 
ence of the interference pattern on the phalange 
surface shape, it is shown in Figs. 3a, 3b. In the case 
with a spherical surface (Fig. 3b), the plane that 
contains the wave vectors of interfering waves does 
not pass through the center of the sphere. 

As papillary pattern formation begins with ac- 
celerated division of cells of the basal layer on the 
sites of combs to come [9], we necessarily conclude 
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that intensity of the intrinsic coherent microwave field is able to control mitotic activity of 
the basal cells. 

In cases of deep lesions of palm areas (for example, under radiation burns), the period of 
restored papillary lines changes markedly. Such change can be explained with the supposi- 
tion that newcoming combs are directed along the interference lines whose period has 
changed due to local changes in the dielectric permeability of subcutaneous tissues. 

This conclusion conforms to the known resonant microwave action upon the growth of 
yeast [10]. A possible role of the coherent microwave field in multicellular tissue growth con- 
trolling was also discussed by Fróhlich, 1978, [11] who considered the longitudinal compo- 
nen! of the electromagnetic field in the pre-wave zone of a macroscopic dipole. We point out 
the regulatory role of the radiation field transversal component. 

Similarly, of special interest are the clinical observations, previously done at the chair of 
skin diseases of the Kiev Medical Institute [12], also our recent observations which show the 
correlation between acupuncture points and those of cutaneous lesions under some forms of 
psoriasis. It is known that the main biological feature of the skin of the psoriasic areas con- 
sists in (6+7)-fold increased mitotic activity of the basal cells [13]. It is also observed that the 
cell culture from psoriasic areas reacts to biochemical signals just as the culture of normal 
skin cells [14]. Therefore, correlation between the psoriasic areas and points of Chinese me- 
ridians may suggest the change in intensity of the coherent electromagnetic wave running 
along the meridians. | 

Thus, the example with papillary patterns can serve as а model of participation of the or- 
ganism's coherent microwave fields in morphogenesis and sustaining the constancy of su- 
pracellular structures. We believe that further development of this lead will answer the ques- 
tion about the biological role of the organism's coherent electromagnetic microwave radia- 
tion that is connected, in line with the above, with the system of Chinese meridians. 


CONCLUSIONS 


The presented hypothesis unifies the following, absolutely disconnected up to now, fields: 

- topography of acupuncture points and Chinese meridians (the former is identified 
with the points of complete internal reflection of the organism's intrinsic electromag- 
netic coherent wave propagating along a closed trajectory, with its projection into the 
body surface coinciding with the Chinese meridians); 

- resonant biological effects of microwaves (resonant therapeutic effects, originated 
from microwave irradiation of acupuncture points, are interpreted as a result of the 
interaction between the external resonant field and the organism, with the latter being 
considered as an active medium that generates its own coherent electromagnetic 
wave); 

— origin of papillary patterns on the palms and feet (the papillary patterns. are a mate- 
rialized and permanently renewed microwave hologram of the organism). 
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From such a standpoint, in each of these ficlds many previously obscure questions be- 
come clearer. Therefore, we believe that our hypothesis can serve as a program of the nearest 
experimental study, and that its main ideas will form part of both future theories of micro- 
wave resonant therapeutic effects and physical description of the development and stability 
of multicellular organisms. 

However, apart a certain success, wo realize that the proposed hypothesis can be unam- 
biguously verified only by a direct detection of the postulated coherent microwaves. If such a 
proof appears, we must recognize that generation of the coherent electromagnetic radiation 
is not a mere analogy (see H. Haken, 1980) but a very essential part of the most striking self- 
organization process - the life on the Earth. 


КОГЕРЕНТНЕ МІКРОХВИЛЬОВЕ ЕЛЕКТРОМАГНІТНЕ ПОЛЕ ЯК ФІЗИЧНА 
МОДЕЛЬ МАКРОСКОПІЧНИХ КВАНТОВИХ СТАНІВ БАГАТОКЛІТИННОГО 
ОРГАНІЗМУ | 


В.В. ПЖКО, С.П. СІТЬКО 


На підставі якісного аналізу рівнянь напівкласичної теорії взаємодії випромінювання стосовно 
до міліметрового діапазону довжин хвиль та водних середовищ біологічних об'єктів розглянуто 
можливість TOTO. що при врахуванні icroruci нелінійності взаємодії поля у дворівневій системі 
рівнянь Блоха з феноменологічними сталими релаксації у випадку інверсії населеностей 
одноклітинних станів для класичного поля випромінювання існують стаціонарні рішення з 
властивостями граничного циклу. Проаналізовано загальні властивості електромагнітних 
граничних циклів з урахуванням особливостей анатомічної структури людини, встановлена 
відповідність між цими властивостями та закономірностями топографії системи меридіанів 
класичної акупунктури. 


Умови квантування орбіт когерентного електромагнітного поля обговорюються як загальні 
умови стійкості форм багатоклітинного організму на всіх етапах морфогенезу. 


КОГЕРЕНТНОЕ МИКРОВОЛНОВОЕ ЗЛЕКТРОМАГНИТНОЕ ПОЛЕ КАК 
ФИЗИЧЕСКАЯ МОДЕЛЬ МАКРОСКОПИЧЕСКИХ КВАНТОВЫХ СОСТОЯНИЙ 
МНОГОКЛЕТОЧНОГО ОРГАНИЗМА 


В.В. ГИЖКО, С.П. СИТЬКО 


На основании качественного анализа уравнений полуклассической теории взаимодействия 
‘излучения применительно к миллиметровому диапазону длин волн и водным средам 
биологических объектов рассмотрена возможность того, что при учете существенной 
нелинейности взаимодействия поля в двухуровневой системе уравнений Блоха с 
феноменологическими постоянными релаксации, в случае инверсии  населенностей 
одноклеточных состояний, для классического поля излучения существуют стационарные 
решения со свойствами предельного цикла. Проанализированы общие свойства 
электромагнитных предельных циклов с учетом особенностей анатомической структуры 
человека, установлено соответствие между этими свойствами и закономерностями топографии 
системы меридианов классической акупунктуры. 
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Условия квантования орбит когерентного злектромагнитного поля обсуждаются как общие 
условия устойчивости форм многоклеточного организма на всех этапах морфогенеза. 
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Scientific Research Center "Vidhuk", Kiev, Ukraine 
Oncological Scientific Center of Armenia, Yerevan, Armenia 


CONSULTANT'S COMMENTS 


Modern "western" therapy is based on the comparative analysis of intracellular and humoral proc- 
esses that take place in organism being in normal or pathologicai states. But as the intracellular proc- 
esses on molecular level demonstrate their biochemical origin, and humoral of highly developed ani- 
mals and men are submitted by primary regulation, then it is quite natural that as scientific may be 
considered only those approaches which are based on the analysis of chemical type interactions, and 
the nervous system is able to serve the only long arranged regulator. In scope of these positions it 
isn't kept in view that the chemical interactions don't concern the type of fundamental interactions ої 
nature, but are the short arranged manifestations of fundamental electromagnetic interactions. And 
the nervous system itself appears on the delinite stage of ontogenesis and therefore cannot be claimed 
the universal correlator, e.g., in case of formocreation. 


The conceptual fundamentals of Physics of the Alive so become a groundwork for principal approach 
to Quantum Medicine delt with the possibility of organism states recovery due to correction of its 
"electromagnetic frame" through the initiation of transitions in holistic macroscopic quantum system 
of organism. 

The article is written by highlv professional physicians which using for many years in their practice 
the Microwave Resonance Therapy (MRT) realized the ideas of Quantum Medicine. Among them 
there are leading specialists of Armenia, Ukraine and Russia managing the work for approving MRT 
in accordance with international standards. 


The evidence of physicians that lead the training of more than 1,200 medical workers we consider 
very important, particularly taking into account that the cases of practically incurable for traditional 
medicine diseases are concerned, so the treatment is carried out by the influence on the level of 
counted quants. 


I hope that this article though it isn't directly referred to Physics of the Alive will allow to realize 
clearly the most important experimental basis of this new approach and the references to the quarter 
of million patients have been cured as mentioned above would be very convincing. 


(Received June 28, 1993) 


Due to the progress of fundamental sciences and the development of medical technique 
and biotechnology the possibilities of diagnostics and therapy were extended significantly, 
and human lifetime was prolonged. 

The program on the estimation of health service state and its development outlined ten- 
dencies was formulated by WHO іп 1982. At a later date this program got the new- 
orientation — to ensure health for everybody. Certainly, this perspective is remote, and its 
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realization is difficult. Some complicated issues should be studied not only in sanitary statis- 
tics and epidemiological control domains, to which WHO programs were mainly trended till 
now, but also some qualitatively new biological and medical problems as well as unconven- 
tional, alternative approaches to the struggle against the most serious and incurable diseases. 

Acupuncture therapy become firmly established in medical practice due to its regulative 
and adaptogenetic effect, relative technical simplicity and harmlessness, as well as the pos- 
sibility of its application under ambulatory conditions (Stux G., Pomeranz B., 1987). This 
therapy is used for anaesthetization, myorelaxation, desensibilization, obtaining sedative 
and antipyretic effects, and it is intended for the correction of disturbances in homeostatic 
systems (Shapkin V.V. et al., 1987). 

Microwave Resonance Therapy (MRT) became a significant landmark in further im- 
provement of the methods of affecting biologically active points (BAP) on human body sur- 
face; the therapy was developed in the context of quantum approaches to the prophylaxy 
and treatment of human diseases at the Interbranch Scientific Research Center "Vidhuk" 
(Kiev), Prof. S.P. Sit'ko being at the head of it. | 

The advantages that radically distinguish MRT from other methodologies, methods and 
procedures are the following: 

The first (the major). 

The real possibility exists to embody the principle "to treat not the illness but the ill", 
which had been proclaimed long ago by eminent clinicians, by means of selecting the indi- 
vidual therapeutic (eigen) frequencies of mm-range electromagnetic waves. 

The individual approach to a patient being meant by the above, before the quantum 
medicine era even the most thinking and skillful physician could embody the major com- 
mandment of "the Greats" only as security guarantee and in the form of dosing drugs or 
some other therapeutic remedies. The stereotype individual approach, such as considering 
the patient's weight, sex, age, even the patients individual features, etc., can't be claimed to be 
a true selective correction of the patient's disordered functions, however new medicaments, 
properly selected doses and their administration methods may be. 

While acting with electromagnetic waves of mm-range frequency the physician is making 
use of the possibility given by quantum medicine and being radically new - to correct disor- 
dered functions of the patient's organism with the remedy, which is as individual as blood 
group (taking into consideration the up-to-date extended analysis data), dactylogram, ge- 
netic code, i.e., any true uniqueness of the Alive diversity. 

Thus, the approach novelty is laid down in the very essence of MRT, the efficiency of 
which, in distinction from conventional treatment methods, is not simply dependent on the 
individual approach to the patient, but defines this approach thoroughly. 

The second. 

The combination of general correcting effect on the patients organism with the efficient 
influence on the focus of disease (an ulcerous defect, chronic inflammatory or algesic syn- 
dromes, etc.) allows to appreciate the principle "to treat not the illness but the ill" in a new 
fashion and to pass on to the new possibilities of treating "both the illness and the ill" with as 
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long remission periods provided under the therapy of some incurable diseases as the patient's 
condition being near to rehabilitation may be stated. 

The third. 

There are no negative side reactions, this fact having been confirmed with the extended 
experimental and clinical studies, so the widespread use of MRT may be recommended for 
treatment and prophylaxy of different diseases. 

The syndromic intellectual system of clinical thinking allows to get the especially clear es- 
timation of MRT advantages. This system, in distinction from the nosologic system, enables 
to approach to the estimation of treatment results in a more differentiated way. The quan- 
tity and the diversity of diseases (nosologic forms), for which MRT was found to be efficient, 
may give a pretext for a banal discredit of the method as being "quasi-panacea". The syn- 
dromic principle of analysis shows that high percentage of positive results for certain states 
includes rehabilitation of all the functions lost, and for other states - the elimination of some 
specific syndromes or symptoms, e.g., pains in oncological cases. 

The fourth. 

MRT corrective effect may be realized in different ways, the release of endogenous bio- 
logically active substances being one of this ways. The corrective effect of endogenous sub- 
stances surpasses significantly the effect of preparations administered into the organism ex- 
ternally. That is why the conclusion (evidenced by clinical practice) is clear about MRT 
treatment being for a number of diseases more efficient than drug therapy. Moreover, the · 
application of drugs and MRT at the same time after the primary stimulation often reduces 
the production of biologically active substances in the organism and not in the least in- 
creases, but vice versa decreases general therapeutic effect. 


GASTRIC AND DUODENAL ULCERS 


The treatment efficiency is defined by the depth of metabolic disturbances before the 
treatment, the state of the organism adaptability, the level and reversibility of local organic 
changes in the ulcerous and periulcerous zones. MRT influences positively on the stomach 
secretory. and acidificative functions. In this process, the content of pepsin is lowered, the 
concentration of hydrochloric acid and acid production is reduced, the gastric juice volume 
decreases. All factors mentioned above reduce the "aggressive" properties of gastric juice 
significantly and against the backgrornd of the normalization of gastric motor function 
promote more rapid healing of the ulcerous defect. 

Under the influence of MRT the proportion of "aggressive" and "protective" ulcerogene- 
sis factors is normalized. This statement is proved not only by the reduction of hydrochloric 
acid secretion but also by more significant decrease of gastrin, calcetonin and histamine, i.e., 
"aggression" factors, in plasma. As this takes place, the "protection" factors are ‘activated — 
the formation of protective glycoproteids in gastric mucus intensifies, the concentration of 
prostaglandins of E-series and cyclic nuclides (cyclic adenosine-monophosphate, cyclic 
guanosine-monophosphate) increases, the level of plasma secretin grows. The rise of acetyl- 
choline activity regulates the metabolism of parasympathetic ulcerogenous neuromediator. 
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Against the background of the therapy applied it is removed the trophic action of adap- 
tive and stressor hormones on the gastroduodenal zone. The concentrations of ACTH, hy- 
drocortisone and adrenaline in blood are lowered. At the same time, prolactin and aldoster- 
one levels increase, and, as a result, water-electrolytic metabolism is normalized. 

MRT influences in correcting way on the disordered bioenergetic metabolism 
(carbohydrate, lipid and microenergy metabolism). It causes the significant increase of bio- 
logically active substances content in blood, those being favorable to the intensification of 
the organism's adaptive reactions directed to the energy supply of biosynthesis processes. 
Against the background of MRT, the accumulation of ATP and the totality of adenylic nu- 
cleotides increases. 

Of the importance in the sense of prognostication is the neuroendocrinous system re- 
sponse to the therapy. The appearance of interconditional changes in bombezine and va- 
soactive intestinal polypeptide concentrations (their decrease) in blood and the increase of 
gastroinhibitory polypeptide content, not only by the therapy course termination but after 
only 1-2 MRT seances, allows to predict the therapeutic effect and, wherever necessary, to 
correct the treatment parameters. 

MRT acts in a stimulating way on the ulcerous defect reparative regeneration, which is 
based, as it has been found, on the macrophagal reaction activation, the activity intensifica- 
tion of the respiratory, glycolitic and terminal oxidation enzymes in all thé cellular elements 
of mucous coat of stomach and duodenum, the reduction of the cover epithelium alteration 
degree, the oedema of vascular walls and perivascular tissues, all this stimulating the rapid 
evolution of granulated tissue and the ulcer epithelization. As a result of treatment, some 
quantitative and qualitative indexes of the immune system are normalized: the relation be- 
tween regulatory subpopulations is restored, the previously suppressed functional activity of 
immunocompetent cells increases, the level of autoimmune processes reduces. 

The state of microcirculatory channel under the ulcerous disease conditions and its re- 
sponse to MRT have been studied. The disturbances of microvessels tone and caliber, peri- 
vascular oedema, the increased erythrocytes aggregation (sludge), the spastic form of micro- 
circulatory disorders, all this occurring at the exacerbation period, take on the opposite 
evolution course after only 1-2 MRT seances. The normalization of microcirculation was 
expressed by the disappearance of perivascular oedema, increasing of the functioning capil- 
laries quantity, disappearance of sludge and its occurrence only in venules, tlie normalization 
of microhemovessels caliber and diameters relation. Among almost all of patients the nor- 
motonic form of microhemocirculatory channel was observed. Under MRT treatment most 
patients had the changes of the vascular channel corresponding to the clinical dynamics of 
disease symptoms and ulcer scarring. 

The above mentioned metabolic effects of MRT correlate distinctly with the positive dy- 
namics of the disease clinical symptoms; 84.5% of patients after the therapy course had the 
full remission of the disease, and the control endoscopic examination of the patients had 
shown an absolute healing of ulcers; moreover, 17.3% of patients had the healing with ulcer 

epithelization without scar forming. Among the rest of patients the formed scar caused no 
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rough deformation of the walls of duodenal bulb. 11.2% of patients also had remission after 
the termination of MRT course, but had no absolute healing: ulcer dimensions diminished 
by half and more. As it was detected under the control endoscopy carried out 2-3 weeks af- 
ter, 75% of patients in this group had the absolute healing of ulcers without any additional 
treatment. Only in 4.3% of cases ulcers had no changes after the treatment, and clinical re- 
mission had not been attained. 

Microwave resonance therapy may be defined as some pathogenetic method of the ulcer 
treatment as far as in the therapy process the correction is observed of practically all the 
pathogenesis links being accessible to study. Moreover, the changes in organs and systems 
being involved in the pathological process are of the multidirectional nature being caused by 
their original state. The leading tendency in these changes is the tendency to normalization 
and optimization of all physiological processes in the patient's organism. 

Cytoimmunologic examination shows that the approach to the treatment of patients with 
gastric and duodenal ulcers should be individualized. So, under investigating 220 patients it 
was found that they may be divided into 3 groups: I - the patients without organism sensibi- 
lization reactions; II — those with pre-clinical manifestations of organism sensibilization be- 
ing displayed in the form of "scissors" syndrome. This was expressed with the high activity of 
acid phosphotase (AP) and the low activity of succinic dehydrodenase (SDG) in blood lym- 
phocytes. To the III group those patients were related, in whose blood neutrophiles up to 70 
and more percents of cells with AP degranulation occurred, as well as a great number of de- 
structed neutrophiles (the second stage of cells damage). As it has been found, the occurrence 
of these symptoms is connected with the obviously expressed signs of organism sensibiliza- 
tion, as well as with the phagocytosis of immune complexes by neutrophiles. 

The comparison of the aforesaid syndromes with SDG activity in lymphocytes and neu- 
trophiles had shown this enzyme to be closely correlated with the organism functional activ- 
ity and MRT effect. So, the organism response to the treatment being adequate, the activity 
increase of this enzyme is observed, being proportional to its manifestation degree. When the 
patient is getting worse, the corresponding decrease is observed. 

Thus, by defining SDG and AP activity it is possible to select an adequate MRT dose for 
every patient that leads to 100% positive effect of the treatment. 

. On the basis of the follow-up observations data it was found that SDG activity decrease 
occurs 1-2 weeks before the patients begin to complain of the ulcer exacerbation. In such 
cases a few MRT seances may prevent the diseasc exacerbation. 


INFANTILE CEREBRAL PARALYSIS (ICP) 


The problem of infantile cerebral paralysis - a composite syndrome complex, with which 
not only locomotor system but also central nervous system are diseased - have not been 
solved till nowadays and remains highly actual at present. This is caused by the fact that the 
composite and expensive complex of restoring therapy being used both in our country and 
abroad was not efficient enough and, about all, gave no possibility to reach the level of 
medical rehabilitation ensuring patient's social adaptation. 
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There were 6,876 patients with infantile cerebral paralysis at the age of 5-15 years under 
our observation. As for the incidence rate, the first were the patients with spastic diplegia, 
after them — those with double hemiplegia, hemiparetic and hyperkinetic forms. 

To ensure the purity of clinical observations the patients were not administered with any 
drug therapy intended for the reduction of muscular hypertension. There were, however, 
some differences between the treatment of out-patients and in-patients. So, out-patients were 
treated with MRT only, while in-patients got some additional functional treatment, namely: 
remedial gymnastics, massage of the weakened paretic muscles, paraffin applications, sup- 
ports for the removal of crooking contractures, electrostimulation of paretic muscles. 

The preliminary analysis of clinical results obtained allowed to ascertain that just after 
the first MRT course about a half of the paticnts treated has the reduction of muscular hy- 
pertension, the walk improvement, the increase of movement volume in joints. Among the 
rest of patients more generalized reaction is observed in the form of sleep normalization, the 
decrease of general constraint, the reduction of fatiguability and the improvement of appe- 
tite. With the following treatment courses the positive dynamics of illness process grew and 
was of more expressed, stable nature. The improvement was observed through some months, 
and this was the indication for prescribing the following MRT courses. 

More limited clinical effect have been obtained among the patients with the affection of 
CNS extrapyramidal region and the rough pathology of cerebral cortex being detected with 
computer tomography. 

The nonuniform clinical effect was also observed under affecting different integument 
zones. So, in the case of diplegic forms more expressive changes were obtained with the ac- 
tion upon the distal and sedative acupuncture points, and in the case of hyperkinetic forms - 
upon the points situated nearer CNS analyzers (the zones of cranium scalp and of the neck 
segmental apparatus). In these cases we succeeded in obtaining the reduction of the hy- 
perkineses rate and expressiveness, as well as the lengthening of lucid intervals when there 
were no forced movements at all. 

In parallel with studying the disease clinical course there were carried out biochemical, 
electrophysiologic and tensiometric tests, the validity of which is generally acknowledged. 

The analysis of the immunologic examination of ICP patients that had been carried out 
before the treatment permitted to find the disturbances in both cellular and humoral immu- 
nity links (independently of the disease clinical form). There was detected a tendency to the 
drop in T-cells absolute quantity in peripheric blood under the relative lymphocytosis condi- 
tions, this drop being accompanied by the statistically valid (P<0.001) reduction of these 
cells proliferative response to phytohemoaglutinatia (PHA). It was also revealed the lym- 
phocytes sensibilization to the general cerebral antigen proved reliably (P<0.01) by their in- 
creased proliferative response under incubation to these antigens. | 

The disturbances in the humoral link of immune system are evidenced by the revealed 
lowering of immunoglobulin G level (P<0.001) and the rise of the antibodies quantity to 
general cerebral antigen. 
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It has been reliably ascertained that MRT influences positively on the immune status of 
ICP patients. There was revealed the statistically valid (P<0.05) increase of the total quantity 
of lymphocytes, as well as the quantity of T- (P<0.001) and B-lymphocytes (P<0.05). It is 
also traced the tendency to the growth of T-active cells and the decrease of the anticerebral 
antibodies quantity. Д 

The MRT influence on the immune system state is also different in the cases of various 
forms of ICP. So, among the patients with hyperkinetic and diplegic forms MRT ensures the 
increase of total quantity of lymphocytes in the case of hyperkinetic form (P<0.05), as well 
as the quantity of T- and B-active lymphocytes in peripheric blood. At the same time, in the. 
case of hyperkinetic form it is revealed an essential increase of the B-cells quantity after 
MRT treatment, this effect being not observed in the case of spastic diplegia. Besides, with 
hyperkinetic form there is traced the tendency to antibodies quantity lowering to the general 
cerebral antigen. 

Biochemical investigations consisted in defining the function of the sympathetic-adrenal 
system — excretion of adrenaline (A), noradrenaline (NA), and their predecessors — dopa- 
mine (D), dioxyphynilalanine (DOPA), and hydroxytoluic acid being the terminate product 
of metabolism. 

While investigating the excretion of the aforesaid substances we observed that all exam- 
ined children and adults had the lowered adrenaline and noradrenaline excretion (healthy 
persons served for the control). There were no cases of the increased value of these hormones 
excretion. In some cases the level of adrenaline and noradrenaline was below the method 
sensibility. Such a steep fall in adrenaline and noradrenaline excretion with high excretion of 
hydroxytoluic acid may evidence that ICP patients have the intensified processes of oxidative 
desamination and oxymethylation of catecholamines. It may also point to the decrease of 
compensatory-accommodative reactions in the organism. 

The investigation of catecholamines and their predecessors excretion after MRT applica- 
tion allows to distinguish certain regularities. 

1. After only the first treatment course it is noted the statistically valid increase of the 
excretion level of adrenaline, noradrenaline and their predecessors. 

2. After MRT application there is the significant decrease of hydroxytoluic acid excre- 
tion and the accumulation of biologically active catecholamines in the organism which may 
be a result of the hampering effect of mm-range waves on the activity of monoamine oxidase 
- the major ferment in the metabolism of catecholamines. 

3. The increase of catecholamines level in biological liquids and tissues of the organism 
improves the supply of skeleton muscles, induces the disintegration of glycogen in liver and 
the transition of glucose, which is necessary for the normal muscular activity, into blood, as 
well as intensifies the redox processes being of great importance in the regulation of neuro- 
muscular apparatus activity. 

In order to objectify MRT effect on bioelectric activity of cerebral cortex the electroen- 
cephalographic examination was carried out. There were examined 70 patients (210 tests). 
The analysis of the results that had been obtained before the treatment beginning revealed 
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the deflections manifested in a varying degree, that, as a rule, correlated with heaviness de- 
gree and the level of the central nervous system affection. 

After MRT courses there were observed the following changes: among 50% of patients 
the nature of general cerebral alterations of electric activity remained the same as it had been 
before the treatment. Among 50% of patients it was noted the decrease of general cerebral 
disturbances of biocurrents. These changes were of different nature and correlated with the 
disease heaviness. The increase of alpha-waves magnitude, the synchronization of alpha- 
rhythm and the rise of alpha-index were observed. Together with these changes, some pa- 
tients had the decrease of the magnitude and the amount of artifacts of mechanical and 
physiological (myographical) origin that might be an evidence of the movement disorders 
decrease. These changes were mainly observed in the group of patients with hyperkinetic 
form. 25 patients had the reduction of the pathological paroxysmal response to hyperventi- 
lation. After the first MRT course 38 patients had changes in the nature of focal distur- 
bances of biocurrents; it was observed that among 22 of those ones the epileptic form in- 
duces became less expressed (the amount and the magnitude of slow spikes and complexes 
decreased). . 

After the second MRT course 59 persons had been examined, 30 of them were noted to 
have the decrease of general cerebral changes of biocurrents (the synchronization of alpha- 
rhythm in occipital region of brain, the decrease of paroxysmal activity and polymorphous 
slow activity in occipital and frontal brain regions). No essential changes had been found in 
the brain rhythmic activity of 2 patients. 

On the grounds of electroencephalographic examinations data it may be stated that more 
than 50% of ICP patients after MRT course have changes in the "spontaneous" electrical 
activity of brain. These changes are mostly diffusive and may evidence the improvement of 
brain functional condition, mainly of its cortex regions. Characteristic for this group of pa- 
tients is the improvement of clinical picture in the form of the reduction of muscular hyper- 
tension, the rise of paretic muscles strength, the increase of movement magnitude in joints, 
the reduction of hyperkinesis degree and frequency, the increase of motor activity, the im- 
provement of subtle motor functions. 

In the cases when electroencephalography displayed no essential changes after MRT 
course, as a rule, rough organic affections of brain were detected with computer tomogra- 
phy. However, in such cases the positive dynamics in the illness process was also observed. 
Thus, even rough organic pathology of CNS, which is revealed with computer tomography 
and encephalography, in the prognostication sense is not unfavorable to MRT application. 

To investigate the dynamics of muscular tone and to restore the functions of locomotor 
system reflexometrical examinations were made. There were found the delay time increase of 
the reflex response and the appearance of the supplementary excitation wave in the reflex 
relaxation phase, the reduction of the reflex response strength should be also related to these 
phenomena. After MRT application there was also revealed the increase of reflex muscular 
contraction intensity, reflex muscular contraction time and reflex response time. 
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These data allow to say about the improvement in the reflex-muscular activity and mus- 
cular functional activity areas after the patients' treatment with microwave resonance ther- 
apy. 

While estimating MRT clinical effect, it should be noted the more expressed increase of 
motor abilities including the acquirement of some new function (i.g., the children that were 
non-walking before the treatment got the ability to walk without assistance) in comparison 
with conventional restorative therapy. 


DIABETES MELLITUS AND DIABETIC ANGIONEUROPATHIES 


Under a chrónic illness process sugar-reducing remedies are required to be taken con- 
tinuously (insulin for the insulin-dependent diabetes of type I and preparations in tablets for 
the insulin-independent diabetes of type II). However, besides the positive effect both of 
these sugar-reducing therapy methods render a number of side effects acting unfavorably on 
the patient's organism. Among this therapy complications such as hypoglycemia, allergy, 
dyspepsia and insulin-sulfanilamide resistance may be mentioned. In this connection, 
searching for new treatment methods and remedies, that should be able to reduce the side 
effects of sugar-reducing therapy or eliminate them completely, becomes an urgent problem. 

We approached to MRT application in diabetes mellítus cases from the position of pos- 
sible insulin secretion stimulation by pancreas cells and possible normalization of peripheral 
tissues sensitivity to hormonal influence and neuroreflex effects on vessels. | 

The examination and treatment of 195 patients with diabetes mellitus had been carried 
out; there were 84 men and 107 women among them; 136 persons had diabetes of type I, 55 
persons - of type П. As for the illness severity, the patients differed in the following way: 
diabetes of mean severity - 44 patients, severe form of diabetes - 147 patients. The patients’ 
age structure was the following: under 20 years - 26 patients, 21-40 years - 80 patients, 41- 
60 years - 67 patients, over 60 years - 18 patients. Before the treatment 62 patients were in 
compensation state, 129 patients - in decompensation state. As for illness duration, the pa- 
tients were distributed in the following way: less than 5 years - 38 patients, 6-10 years - 49 
patients, 11-15 years — 43 patients, 16-20 years - 30 patients, over 20 years - 31 patients. The 
chronic complications revealed among most patients were diabetic angiopathies of inferior 
limbs at the functional stage (176 patients) and diabetic polyneuropathies (138 patients). As 
for the treatment kind the patients were distributed as follows: 141 patients got insulin injec- 
tions, 50 patie ts got tablets. 

The complex examination included the study of clinical symptoms, albuminous, carbo- 
hydrate, lipid and mineral metabolism, as well as a variety of hormonal indexes: C-peptide, 
immunoreactive insulin, hydrocortisone in blood, the daily excretion of adrenaline, norad- 
renaline and dopamine with urine. The estimation of MRT effects on peripheral hemody- 
namics, microcirculation and peripheral nervous system was based on the data of capil- 
laroscopy, biomicroscopy of conjunctiva, tetrapolar rheovasography, occlusion plethys- 
mography, computer thermography, electroneuromyography. In order to estimate MRT 
influence on glycosylation of blood albumens there were studied glycosylated hemoglobin 


118 


"PHYSICS OF THE ALIVE" IN MEDICO-BIOLOGICAL ASPECT 


(HgA,C), fructosamines and glucosamines of the whole blood, plasma and erythrocyte 


membranes. To judge of the MRT effect on erythrocyte membranes state it was investigated 
the enzymatic activity of cell membranes: acetylcholinesterase (ACE), Na, K-ATPase and 
MgATPase. 

The aforesaid indexes were defined before the beginning and at the end of the treatment 
course, which consisted of 5-10 procedures, each of them being 30 minutes long. The genera- 
tors of mm-range electromagnetic field ("Artzakh", "Porog", "Aria" models) with output 
radiation power up to 8 mW in 25-80 GHz range. Under the procedure, as a rule, two bio- 
logically active points were radiated, the localization of them being varied depending on the 
prevalence of some special clinical symptoms caused by the dominant affection of vessel and 
nervous system and its dynamics under the treatment course. 

As a result of the course of treatment by MRT method 86% of patients, as it was ob- 
served, had positive dynamics of the clinical symptoms caused by the asthenization devel- 
oped against the background of the illness decompensation. As a rule, these patients got rid 
of general weakness and intensified thirst, their urine quantity reduced and working capacity 
increased. So, under the treatment effect 125 patients (64%) got the compensation state, and 
37 patients (19%) - the subcompensation state. 

It is significant to emphasize that MRT application was accompanied not only with dia- 
betes compensation against the background of the same insulin doses as before; besides, a 
part of the patients got the possibility to lower sugar-reducing remedies dose at the end of 
the treatment course. So, there was obtained the reduction of the insulin dose by 10-12 units. 
The dose of sugar-reducing remedies in tablets was reduced by 1-1.5 tablets on the average. 

The MRT efficiency is brightly illustrated not only with the fact of patients' feeling better 
and with the improvement of compensation state, but also with hormonal dynamics in both 
compensation and decompensation states of the carbohydrate metabolism. First of all, it 
relates to the C-peptide changes. C-peptide is a predecessor of insulin in its biosynthesis 
process. In fact, it is pre-insulin. Its level in blood is the factor, after which biosynthesis in- 
tensity and insulin secretion are judged. After the treatment the basal level of C-peptide in- 
creased reliably among the patients with compensation of carbohydrate metabolism, while 
there was no C-peptide dynamics among the patients with decompensation of diabetes. 
Hence, the increase of C-peptide and immunoreactive insulin (IRI) levels after the treatment 
course is an evidence of the direct stimulating influence of MRT on the biosynthesis and se- 
cretion of insulin, i.e., on the principal mechanism of the diabetes mellitus pathogenesis. 

It was also observed the positive dynamics of hydrocortisone level in the direction of its 
activity fall among the patients with carbohydrate metabolism compensation in the cases of 
both insulin-dependent (type I) and insulin-independent (type II) diabetes. The decrease of 
hydrocortisone activity and level that we had detected is of great importance because of this 
counter- insular hormone participation not only in the development of the intolerance to 
carbohydrates, but also in the vascular pathology arising and progressing. 

|. There was found a distinct fall in the adrenaline excretion among the patients with diabe- 
tes in compensation state, as well as the tendency to its level decrease among the patients 
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with decompensation. Therefore, the improvement of carbohydrate metabolism among the 
patients with diabetes mellitus under MRT action was intensified largely enough by the ac- 
tivity fall of counter-insular hormones - hydrocortisone and adrenaline. 

MRT application proved to be no less effective in treating the patients with diabetic an- 
gioneuropathies of inferior limbs. This complication or manifestation of diabetes mellitus 
occurs frequently enough. As it was noted above, among 195 patients examined there were 
found 187 ones with angiopathies manifested to various degree and 138 ones with polyneu- 
ropathies. These patients' dominant complaints were pains, sometimes tormenting, in ‘he 
region of inferior limbs. Under MRT influence after 3-5 seances only it was noted the sub- 
stantial weakening of irritation-pain syndrome, as well as the disappearance of paresthesia 
and other sensitivity disturbances. 105 patients (75%) of 139 ones with the aforesaid com- 
plaints had this positive dynamics. In parallel with the elimination of pain and paresthesia, 
peripheral hemodynamics improved, and the velocity of stimulations conduction through 
peripheric nerves increased. 

According to the data of occlusion pletismography, it was observed the drop in volume 
circulation rate, the value of which in the initial state was higher than among healthy per- 
sons. After the data of tetrapolar rheography, pulsatory blood flow was reduced in crural 
region and remained unchanged in foot region. 

According to the data of digital plethismography, the volume of pulse wave was found to 
be lowered, its value being rather high among the overwhelming majority of patients in the 
initial state. Under the analysis of capillaroscopic data during the treatment course it was 
observed the improvement of penetrability (diminishing of pericapillary oedema, decrease of 
the visible background muddiness). 

Thermographic examinations had shown that this method allows to obtain the objective 
information about the state of peripheric vascular basins. As a rule, the changes in thermo- 
graphic data are far ahead of clinical manifestations of pathological process. After the - 
treatment applied the overwhelming majority of patients presented with the improvement of 
thermographic data. So, 17 patients of 26 ones, that had thermoamputation and ther- 
moasymmetry before the treatment, got rid of these disturbances, the average values of ab- 
solute temperatures being increased in both right and left extremities. 


IMMUNOMODULATING EFFECT OF MRT 


The comparative study of the immunomodulating effects of MRT and interferon (IF) 
has been carried out. For that the peritoneal sepsis was reproduced on 335 mice of CBA-line 
by means of the intraperitoneal injection of the lethal dose (30%) of staphylococcus 
"Aureus". The animals were divided into 5 groups. The 1-51 group consisted of the intact 
animals. Within the 2-nd group peritoneal sepsis was reproduced; for that the lethal dose 
(30%) of staphylococcus, strain WOOD-46, was injected into abdominal cavity. The 3-rd 
group was injected intraperitoneally with staphylococcus and per os interferon on the 1-51, 
2-nd and 6-th days. In the 4-th group MRT was applied on the 1-51, 2-nd and 5-th days. In 
the 5-th group the combined application of MRT and IF was studied. During investigation 
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the changes of lymphocytes populational and subpopulational structures were studied; it was 
also defined the activity of succinic dehydrogenase (SDG) and acid phosphotase (AP), as 
well as content of DNA. Besides, there were studied the content and proportion of cAMP 
and cTMP, as well as amount of various receptors in lymphocytes. 

The data obtained had shown that interferon of 1-10? dosage possesses a protective ef- 
fect, due to which the mice with peritoneal sepsis had the rise of SDG and AP activity in all 
immunocompetent cells and the decrease of DNA content in some of them. Interferon also 
produced the evident tendency to restoring populational and subpopulational composition 
of lymphocytes, as well as their functional activity. As this took place, the levels of cAMP 
and и-, y-receptors increase, being manifested with the intensified cytoplasmic and nuclear 
luminescence. 

MRT action on the biologically active points (corresponding human E-36 points) caused 
the evidently displayed tendency to the normalization of populational and subpopulational 
structure of lymphocytes, but to a lesser degree (20-30%) than IF. At the same time, recep- 
tors of all immunoglobulin classes were expressed, and luminescence was of more stable 
character. | 

The most steady reactions of immunologic processes stabilization occurred under the 
combined IF and MRT action. In connection with this, it should be mentioned the cumula- 
tive effect of IF and MRT action. In our opinion, the combined IF and MRT action being 
more efficient is connected with the fact that with MRT application the most expressed 
changes of the factors studied are observed by the end of the experiment - on the 4-7th day 
of the investigation, because its cumulative effect is manifested by this time. That is why the 
combination of these two immunomodulators permitted to maintain the increased immu- 
nologic reactivity of all three types of immunocompetent cells — lymphocytes, neutrophiles 
and macrophages. | 

Obtaining such ап effect is of great practical significance because it allows to relieve es- 
sentially the condition of the people having low immune processes, not only in therapeutic 
clinics, but also in the cases when surgical intervention is necessary against the background 
of large immune deficit, what is particularly important. For the patients with various chronic 
diseases, which are always accompanied with T-cell deficit, MRT application will be most 
effective, as besides its modulating effect MRT is used for the main disease treatment. In this 
sense MRT is a unique and inexpensive method of treatment. 

MRT and IF effects were also studied among 55 children of the "risk group" from special 
kindergarten for the children being frequently ill. This treatment method was similar to the 
method used for the experimental animals treatment. It was observed that before the treat- 
ment the children being under examination had T-cells and T-killers deficit, as well as the 
increase of B-lymphocytes and T-helpers content. Only the number of T-suppressors was 
normal. SDG and AP activity, as well as DNA content in lymphocytes, neutrophiles and | 
trombocytes were lower than normal, anc the number of neutrophiles with signs of destruc- 
tion (DN) and phosphotase degranulation (DAP) was increased. MRT application pro- 
moted the arise of the evident tendency to restoring populational and subpopulational struc- 
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ture of lymphocytes (by 44-38%), increasing SDG activity in lymphocytes populations (by | 
44-30%) as well as in neutrophiles and thrombocytes (by 59.8%); АР activity rise in the cells 
mentioned (P<0.05); increasing of DNA content in lymphocytes and neutrophiles (P<0.01) 
and thrombocytes (P<0.05). 

The effect of IF caused the increase of T-lymphocytes quantity by 27.9% (P<0.01), this 
value being by 17% lower than in MRT case. As this takes place, the number of 
B-lymphocytes did not change and the number of O-lymphocytes lowered by 24.4%. This 
promoted populational composition of lymphocytes to be partially restored. The number of 
killers increased by 33% (P<0.01) but was still below normal. 

The combined action of IF and MRT caused the most obviously expressed restoration of 
lymphocytes populational and subpopulational structure, restoration of DNA content up to 
the standard value, the activity rise of AP (by 3-9%) and SDG (by 9%). Besides, there was 
observed the increase of the percentage of destructed neutrophiles (by 13%) and DAP (by 
64%). In thrombocytes SDG activity was without changes, AP activity lowered insignifi- 
cantly, DNA content did not change. 

Thus, as for the positive changes of populational and subpopulational structures, the 
combined action of IF and MRT occurred to be the most efficient, IF being the second, and 
MRT - the third. However, with the course of 10 seances the factors studied were not re- 
stored completely. As it is known from the experience of the peptic ulcer and other diseases 
treatment with MRT, the most significant changes of the lymphocytes populational and 
subpopulational composition are observed not just after the treatment but in 1-1.5 months. 
As to the fermentative activity of blood cells, its changes are observed clearly after the first 
seances of treatment. 

It had been also stated that with MRT treatment the improvement of patients' general 
condition, elimination of discomfort and pains under prostatites and adnexites of various 
etiology (chlamidiosis, staphylococcosis) were also accompanied by the improvement of im- 
munoreactivity. So, as a result of MRT application, these patients had the increase of suc- 
cinic dehydrogenase (SDG) activity in leukocytes, the reliable tendency to the normalization 
of populational and subpopulational composition of leukocytes and some other immuno- 
chemical factors. At the same time, we did not observe the absolute reactivity stabilization 
among the patients with urogenital inflammatory diseases even after 2-3 repeated courses of 
MRT. It should be also noted that under the following courses the dose correction was real- 
ized taking into consideration not only SDG and AP dynamics, but evolution against the 
background of the prophylactic MRT course was accompanied by the retention of metabolic 
processes activity of general lymphocytes pool during rather long time, and only after a 
month of disease evolution there was noted the SDG activity fall in Tl- and T-helpers, Ts- 
and T-killers, this being in accordance with the literary data about the oppression of 
T-cellular immunity under inflammatory diseases of urogenital region. However, the lack of 
B-active cells in the animals' blood indicated the attenuation of inflammatory process. This 
is also evidenced by the high functional activity of neutrophiles and small quantity of DAP 
and DN. 
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The aforesaid data are the doubtless evidence of the high immunomodulating effect of 
MRT. 


OPIUMISM 


Under clinical examinations it was found that among narcomaniacs (in the abstinent 
syndrome state) the metabolic stress is observed, which leads to the disorganization of adap- 
tation systems. The action of mm-range electromagnetic radiation results in significant 
changes of neurohumoral mechanisms, thus, stirring to activity ergotropic and trophotropic 
systems in structures and functional links responsible for the production of neuropeptides, 
i.e., stimulating also the quantity of neutrophiles with signs of AP degranulation (DAP) and 
destroyed neutrophiles, which are the signs of the organism stabilization. In our opinion, the 
difficulties with the normalization of the immune system functioning among the patients of 
the examined group may be caused both by the deep disturbances of the organism immune 
protection system due to the infectious agents and by the unfavorable ecological/social fac- 
tors. However, the good and quickly obtained clinical effect, moreover, confirmed by the 
specific thermographic and microbiological investigations allows to consider MRT to be one 
of the most efficient treatment methods for many diseases. 

While studying immunomodulative effect of MRT in the case of rabbits' experimental 
pyelonephritis of mycoplasmatic etiology, it was proved that this therapy type may be used 
- successfully for both prevention and treatment. There was shown the prolonged MRT effect 
being manifested with the fact that in 14 days after the course termination the contact ani- 
mals showed the continuing rise of enzyme activity of general lymphocytes pool, the activity 
of SDG, ТІ- and T-suppressors, as well as the quantity increase of the last ones. It had been 
found that pyelonephritis intensifies the secretion of opiatic peptides which leads to the bal- 
ance of disordered homeostasis and reflects the new self-regulation level. 

In addition to the patients examination, somatoneurological, experimental- 
psychological, electrophysiological and biochemical investigations were carried out. Statisti- 
cal processing of these investigations data was made with computer, the definitions of the 
arithmetical mean error, the mean error of the mean value and Student's criterion 
(t-criterion) being used under the processing. Electroencephalographic results were analyzed 
by visual-graphic methods; alpha-rhythm frequency, magnitude and alpha-index were de- 
fined. Variation pulsimetry was carried out in real time with mathematical processing of the 
mean rhythm values. Under biochemical investigations radioimmunological analysis was 
applied. The following factors were used: f-endorphine, metencephalin, hydrocortisone, 
prolactin, ACTH. 

In the experimental-psychological investigations Spilberger-Khanin's approbated self- 
estimation scales of individual and reactive anxiety were used. 

As a result of the analysis of the patients' subjective feelings many clinical effects were de- 
tected. These effects may be rubricated in the following way: local (simple) and generalized 
. (systemic) reactions. Those frequencies, the action of which was displayed in the form of 
generalized comfort reactions of psychoemotional sphere, were considered to be therapeutic 
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for the treatment of chronic alcoholism and drug habit, and all the following MRT seances 
were carried out at these frequencies. 

While studying the reduction of the abstinence syndrome (AS) clinical picture, we ob- 
served the following positive clinical effects: the accelerated cupping (detoxication) effect, 
"pseudonarcotic" effect, as well as prolonged effects consisting of the further and complete 
reduction of clinical components of residual intoxication and AS clinical manifestations, the 
changes of the thematic dreams dynamics and motivational purposes. 

The effects related to the 1-51 group are in direct proportion to the beginning of MRT at 
the moment of transitional states (the period of residual manifestation of the acute narcotic 
insufficiency, the period of "preclinical" AS manifestation, the abstinence period). 

When MRT course is started at the period of residual manifestations of narcotic intoxi- 
cation, the clinical picture of acute intoxication (detoxication effect) reduces at accelerated 
rate. When the beginning of the therapy coincides with the period of acute preclinical AS 
manifestations, MRT influence on the patients is similar to the action of narcotic substance 
and results in "pseudonarcotic effect". With the beginning of MRT at the period of absti- 
nence manifestations, desintoxicational, analgesic and sedative (cupping) effects were ob- 
served. 

According to obtained clinical data it may be said that MRT simultaneously affects nu- 
merous pathogenetic links of the pathologic process producing therapeutic effects in a cer- 
tain succession and repeating the stages of natural going out of the acute condition much 
more quickly and painlessly. 

In parallel with clinical improvement it was observed that during MRT course (10 se- 
ances) the patients have the normalization of neuropeptides metabolism. Most patients with 
abstinence syndrome before MRT application had the lowered level of metencephalin 
(33.2+0.8 pg/ml, and after the first seance this level increased to 364.3+11.7 pg/ml (P«0.05). 
By the end of treatment the content of metencephalin was 280.1+11.5 pg/ml, in comparison 
with the initial value (P«0.06). The content of f-endorphine increased from 2.17+0.39 to 
202.7+7.52 after the first seance and rose from seance to seance later (to 265+8.14 pg/ml, 
Р<0.05) Normalization of the increased ACTH and hydrocortisone leveis (from 188.2+4.13 
to 77.31.19 pg/ml, P«0.05 and from 572.4+18.5 to 370.1+12.8 ng/ml, P«0.05 respectively) 
under MRT treatment testifies that the balance is settled in stress systems. The overwhelm- 
ing majority of patients before the treatment had low basal level of prolactin in blood 
(1.39+0.11 pg/ml). After a seance there was noted its significant increase to 5.42+0.37 pg/ml 
(P<0.05), and by the end of MRT course - to 13.8+0.6 pg/ml (P«0.05). 

Electroencephalographic methods of examination (EEG) and the changes of cardio- 
rhythm in response to specific and non-specific irritations in the treatment dynamics had 
shown the following: at the first case - MRT acts on EEG frequency parameters, the magni- 
tude of brain biopotentials was increased; at the second case - the responses to the test irri- 
tants were increased, the strain index parameters and cardiographic interval markers were 
restored. | 
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CHRONIC ALCOHOLISM 


One hundred and forty-eight patients at the age of 35-45 years suffering frorn chronic al- 
coholism at the second-third stages got the course of MRT, placebo- and drug treatment. 
Clinical examinations and the investigation of the reactive and personal anxiety levels, defin- 
ing the content of neuromodulatory neuropeptides (metencephalin, #-endorphine) and ade- 
nocorticotropic hormone (ACTH) in blood plasma, and the levels of ethanol and acetalde- 
hyde in whole blood were made immediately before and after the first seance, as well as be- 
fore and after the tenth seance of MRT and placebo therapy, and among the patients 
treated with medicinal remedies — before the beginning and at the end of the treatment. To 
estimate MRT efficiency the catamnesic investigation was carried out in a year, and the re- 
sults obtained were compared with the literary date of home authors. 

As a resuit of the clinical investigation it was found that under the action of mm-range 
fields on BAPs among the patients with chronic alcoholism some non-specific clinical effects 
of MRT develop, these effects being observed in 95% cases of treating the patients of nar- 
cologic profile. We related to such effects the group of syndromes of psychotropic nature 
including such manifestations as the arise of the pleasant feeling of relaxation, soothing, be- 
ing well. At the same time, it is inherent to MRT to possess the selective tranquilizing effect 
with the prevalence of tropism to certain psychopathological phenomena forming the clinical 
picture (depression and low spirits, irritable weakness, asthenia, insomnia, all kinds of vege- 
tative disturbances). Tranquilizing and antidepressive action of MRT in many respects is 
similar to psychotropic effects occurring under the application of pharmacologic remedies, 
but it differs from those last by the fact that MRT acts as if it "adsorbed" in itself the prop- 
erties of all the particular preparations of the psychotropic series, but manifests these prop- 
erties differentially. 

MRT also possesses some specific wide-range effects which are used for the treatment of 
the patients suffering from chronic alcoholism. We related to these effects transitory psy- 
chovegetative states and long-drawn states, the structure of which is defined with changes 
not only of vegetative and emotional-motivative spheres but also of some individual proper- 
ties of patients. 

7 After the first MRT seance 30% of patients experienced the state, which reminded them 
slight alcoholic intoxication, and 38% of patients got indifference to alcohol or felt aversion 
for it; these symptoms were formed among the patients, for which the beginning of MRT 
coincided with 2-3 weeks long abstention period. The above-mentioned symptom complexes 
were not observed among the patients having got placebo therapy and drug therapy, with 
the exception of three patients, whose aversion feeling had been formed in the process of 
conditioned-refiex (aversion) therapy. 

Drug therapy within the corresponding group of patients contributed only to the local 
positive changes in the emotional and vegetative systems, where long-living functional states 
maintaining the aversion to alcohol were produced artificially. In this case, drug therapy had 
“ne influence on the state of ethano! oxidizing fermentative system - the major pathogenetic 
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link of the illness, and this, naturally, had no ability to provide the necessary conditions for 
the integral rebuilding of the pathologicaily changed systems of the organism. 

The results obtained among the patients treated with placebo permitted to define the 
boundary between psychotherapeutic effects and true effects being inherent to MRT only, 
this being necessary to understand the mechanisms of MRT therapeutic effect. 

Our observations had shown the positive dynamics of neuromodulatory peptides content 
in blood plasma (their reliable increase Бу the end of therapy) and the decrease of ACTH 
level (P<0.005). Drug therapy practically did not change these indexes, and under placebo 
therapy the insignificant increase of metencephalin and beta-endorphine and the decrease o 
ACTH level were observed. After MRT course the contents of ethanol and acetaldehyde in 
blood in comparison with their levels after drug therapy are 42 and 35 times greater, respec- 
tively; placebo therapy had no reliable effect on the levels of ethanol and acetaldehyde. The 
study of reactive and personal anxiety levels had shown reliable lowering of these levels dur- 
ing MRT treatment. As for drug therapy, it had no practical influence on the personal anxi- 
ety level but reliably reduced the reactive anxiety level. Placebo therapy had psychothera- 
peutic effect after the first seance, but in the process of treatment the levels of both personal 
and reactive anxiety had no changes in comparison with their initial values. 

Catamnesis was studied among 88 patients. The comparison of data obtained about the 
efficiency of MRT treatment with literary data of home authors had shown that more than 
а half (58.6%) of patients, which were treated with medicinal remedies, had therapeutic re- 
missions no more than half a year. At the same time, the duration of remission among those 
who got MRT course was a year and more in 57.9% of cases. 

The states of "pseudoalcoholic intoxication" and "pseudoabstinence" occurring among 
the patients were also found to be prognostic criteria of the treatment efficiency. So, thera- 
peutic remission duration is no more than half a year among the patients experiencing 
"pseudoalcoholic intoxication" at the first seance, and after "pseudoabstinence" state the 
duration of remission was a year and more. On the whole, MRT allows to increase the effi- 
ciency of treating the patients with chronic alcoholism by about 20%. 


MALIGNANT NEOPLASMS 


The extensive and diversified material obtained by a number of medical institutions in- 
cluding Oncological Scientific Center of Armenia shows that by means of mm-range elec- 
tromagnetic radiation of low intensity it is possible to obtain the correcting effect on certain 
immunologic and metabolic processes in the cases of some forms of malignant tumors. Im- 
mune status is made more active, coagulopathy and disbalance in fermental systems are 
weakened. First of all, it concerns the interferon production, functional ability of monocytes 
and various subpopulations of T-lymphocytes, fibrinolysis, etc. 

In the cases of primary uterus cancer before the treatment we defined T-cellar immu- 
nodeficit manifesting itself with the reliable (in comparison with healthy persons) reduction 
of the lymphocytes quantity, the decrease in the percentage of "active" T-cells, as well as the 
suppression of blood monocytes adhesiveness. The rise of T-lymphocytes quantity after 
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МЕТ occurs due to both helpers and suppressors, as a result of this their proportion under- 
going no significant changes. When before the treatment the percentage of T-lymphocytes 
was 4043.1%, T-active lymphocytes ~ 23+2.1%, T-helpers - 27.2+1.8% and T-suppressors — 
13.+1.1%, after MRT treatment these values reliably increased amounting to 47.243.496, 
28.5+1.8%, 31.043.6% апа 16.0+2.0%, respectively. As it was observed, the patient had the 
obvious tendency to the increase of blood leukocytes adhesiveness — to 30%. It is interesting 
to note that among healthy persons the indexes of T-system of lymphocytes and monocytes 
in blood underwent no significant changes. When before MRT treatment T-lymphocytes 
quantity was equal to 58+3.6, T-active lymphocytes - 28.5+2.2, T-helpers - 37.5+2.9 and 
T-suppressors - 19.5+1.3, after MRT these values amounted to 58.5+3.9, 29.5+2.3, 38.5+3.4, 
20+1.7 respectively. The adhesiveness of blood monocytes remained absolutely unchanged. 

All the aforesaid gives reasons to suppose that MRT manifests immunostimulating effect 
in the cases, when the suppression of immune system takes place, and here it doesn't influ- 
ence normal indexes of the immune status. It is not without interest to note that in the cases 
of healthy persons having T-lymphocytes quantity and their "active" fraction somewhat be- 
low normal after MRT course an absolute normalization of these indexes of cellar immunity 
had taken place. | 

As for the interferon status, the similar data were obtained. Among the healthy persons 
the ability of mononuclears in the peripheric blood to produce y-interferon was equal to 120 
unit/ml; there was no y-interferon in blood serum. The MRT course had no influence on 
these values. At the same time, the patients with cervical carcinoma, whose interferon status 
is noticeably suppressed, especially at П and III stages of the disease, after MRT course 
manifested the increase of y-interferon synthesis. On the average, y-interferon increases from 
20-40 unit/ml per titer to 95 unit/ml. At the first stage, as a rule, y-interferon production was 
absolutely normalized. 

As it is known, among most oncological patients taking chemotherapeutic treating with 
drug preparations of antracycline series in the process of treatment leucopenia arises, which 
far from always may be corrected successfully with application of medicinal remedies. In this 
aspect it have been studied MRT role in the stimulation of hemopoiesis, in particular, of 
leucopoiesis in the cases of mammary cancer, lymphogranulomatosis, lymphoepithelioma, 
ovarian cancer, hemangiopericytoma. 

Clinical analyses were made before and after the treatment. Before the beginning of 
MRT average value of leukocytes number in peripheral blood was equal to 2.9 thousand, 
after the treatment this value amounted to 4.3 thousand. In the cases of leucopoiesis stimu- 
lation with MRT, all the patients after the treatment were in the condition permitting to be- 
gin or to continue chemotherapy courses. 

In order to deliver the patients with malignant tumors from the pain syndrome MRT was 
applied. Before MRT treatment 61°% of the total number of oncological patients under ex- 
amination took analgesics in the form of tablets and injections, sleeping draughts and nar- 
cotic remedies. After the treatment course of 10-20 seances all the patients reduced the dose 
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of remedies taken or gave up taking them at all. As a rule, the anesthetic effect came imme- 
diately during the treatment seance, and its duration was about 24 hours. 

The steady anesthetic effect occurred after 2-3 seances of MRT. Anesthetic effect was es- 
timated by the duration of painless period. The good effect - weakening or absolute elimi- 
nation of pains for more than 10 days up to 2-3 months. The partial effect — transitory 
weakening or cessation of pains for no more than 10 days. The third group - no effect. As it3 
was observed, 85% of patients had the good effect, 9% of patients - the partial effect, 6% of 
patients had no effect. Thus, 94% of patients with oncopathology had anesthetic effect in a 
varying degree. 

The problem of cancer prevention is one of the leading problems in biology and medicine, 
this being caused by the increasing cancer morbidity, which by its growth rate leaves heart 
and vascular diseases behind. According to the data of WHO, 5 iniilion people die of malig- 
nant tumors every year, and to 2,000 this number will amount to 8 million. The calculations 
made in the economically developed countries show that by the same date the cancer mor- 
bidity will be more than two times greater. 

It is obvious that the struggle against cancer is not only further improvement of surgical, 
radiation and drug treatment methods, which, as a matter of fact, are already at the limit of 
their possibilities. That is why just the prophylactic oncology becomes especially actual. 

At present there are two main kinds of the prophylactic measures: sanitary-hygienic 
(primary prophylaxy) including the wide range of health-improvement measures, and clinical 
(secondary propnylaxy) providing for the detection of pre-cancer states with mass medical 
examinations. These tasks are large-scaled, interbranch and long-term. As for the prophy- 
lactic medical examinations of population, the accumulated experience shows these exami- 
nations to be of rather insignificant influence on the malignant tumors morbidity. Hence 
follows the necessity both to improve the existing forms of the prevention of malignant tu- 
mors and to search for radically new methods of the pathogenetic prophylaxy. The last may 
be obtained by affecting the key mechanisms of the antitumoral protection. Let us dwell 
upon some of them. 

Tumor tissue secretes the substances increasing blood coagulation. These substances were 
named "cancerous coagulants". The activity rise of blood-coagulation system is also caused 
by the tumoral cells ability to produce the substances lowering fibrinolytic ability. 

By means of scanning electron microscopy filamentous formations were detected on the 
surface of cancerous cells. These formations were not connected with filopodia of cancerous 
cells or with fibrous connective formations. By their external peculiarities these filamentous 
structures resembled the fibers in thrombotic masses. Further investigations had shown that 
with the addition of native blood to the culture of human tumoral cells a plenty of fibrin 
threads precipitates on the cells surface (Mkrtchian L.N., 1980, 1990). 

The following question arises: what is the biological expedience of fibrin precipitation on 
the surface of cancerous cells? It is well known that fibrin participates directly in the most 
diverse general pathologic processes: inflammation, dystrophy, wounds healing, throm- 
bogenesis, etc. Therefore, it would be logical to suppose that covering tumoral cells with fi- 
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brin at the most early stages of malignant cells formation masks their specific character and 
is some kind of specific adaptive reaction of tumoral cells as alive beings struggling for their 
survival. In other words, the true pathological process is hidden by the imitation of some 
banal general-pathologic situation. 

The idea of anticoagulative therapy of malignant neoplasms is not new. As a method of 
treating far developed tumoral process it is directed against thromboembolic complications 
only. As to our opinion, it seems that application of fibrinolytic substances with prophylactic 
purpose among the persons of the increased risk group may be the physiologic measure pre- 
venting from the development of the immunologic tolerance to cancerous cells. The necessity 
to make fibrinolytic system of blood more active is also forced by the fact that during the 
last decades it was observed the increase of coagulative ability of human blood. It seems to 
us that this circumstance played rather significant role in the more frequent occurrence of 
malignant neoplasms. In the MRT context, the considered issue is the key issue because with 
MRT application it becomes possible to succeed in normalizing blood coagulative potential 
without medicamentous or any other intervention. Under MRT influence general coagula- 
tive potential of blood (fibrinogen, fibrinogen B, prothrombine, clotting time, aggregability 
of thrombocytes) decreases more than by 30%. 

Another aspect of MRT application is outlined now in prophylactic oncology - the acti- 
vation of the synthesis of such physiologically active substances as interferon. It had been 
found their hampering influence on tumoral cells division and slowing down the growth of 
experimental tumors. A certain therapeutic effect is also observed in the cases of lym- 
phogranulomathosis, some tumoral diseases of hemopoietic system, malignant tumors of 
bones, mammary cancer. 

At the Oncological Scientific Center of Armenia the experiments were also carried out 
with the purpose to find out MRT influence on the growth of intertwined tumors. The in- 
vestigations were made with the following strains: sarcoma-45, nephritic cancer (PA), 
Zaidel's hepatoma (ascetic form), Pliss' lymphosarcoma, Shvetz's lymphoid leukosis. MRT 
treatment was realized in two series - therapeutic and prophylactic. The experiments were 
made with white non-pure rat males weighing 100-120g (190 animals were used). 

Under the therapeutical series of experiments the growth of sarcoma-45 and nephritic 
tumor (РА) was slowed down (to 15° г). In the PA case this value amounted to 21.2% (MRT 
was applied to hegu and tsushanly points), this fact being the evidence of these BAPs higher 
efficiency in comparison with E-35, УС-15, УВ-39, I-19 zones. The percentage of tumors 
growth slowing down increased noticeably in the cases when preliminary prophylactic mi- 
crowave action was applied. This value was equal to 60% for sarcoma-45, 40°% for nephritic 
cancer and 63% for mammary tumor CCK. 

In 1989 at the Scientific Research Association "BIO" attached to the Oncological Scien- 
tific Center of Armenia 360 patients got MRT in connection with various diseases and syn- 
dromes categorized according to the main disease and its complications, and to the accom- 
panying, background and competing pathologies. Of 360 patients 102 ones (28.3%) had 
various forms of precancer. Moreover, after G.A. Abramian's method based on the induc- 
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tion of BAP connected with interferonogenic potency of the organism 65 patients (18.1%) 
were found to have predisposition to malignant neoplasms. 

The total number ef MRT seances - 4419 (one patient got from 3 to 29 seances in а 
year). The main contingent (275 patients) got from 10 to 15 seances of MRT. From 1.01.88 
to 1.01.92 the data about 360 patients were entered into the information array of Armenian 
cancer-register (PC "Ѕрес"). Retrospective analysis is argued by the necessity of finding on- 
cological patients among the persons having got MRT in connection with some other dis- 
eases. The data search covered 14768 observations, and during the 3 year period there were 
no cases when the transformation of pretumor pathology into cancer or the development of 
malignant tumor were detected. 

Multicomponent screening systems and conventional therapeutic approaches had not 
changed sick rates and mortality rates for the better. The radical break is necessary, the true 
progress in oncology. Such progress is possible only upon the condition of serious researches 
being made, the researches directed not only to the further improvement of the existing sur- 
gical, radiological and chemotherapeutic methods, but also to the development of non- 
conventional prophylactic and therapeutic methods, which sometimes are questionable and 
far from being supported by everybody. 

The preventive role of quantum medicine in many respects is similar in the cases of on- 
cological and cardiovascular pathologies because of the risk factors identity. High coagula- 
bility of blood may be related to the risk factors not only for myocardial infarction and 
thromboembolic insults but also for malignant neoplasms. The higher blood coagulability is, 
the more chances exist for degenerating cells to be covered with fibrin, to be masked and to 
paralyze immune control. Hence follows the rightfulness of the conception of the cardiovas- 
cular diseases integral prophylaxy. 

While summarizing the aforecited actual data, it should be emphasized the urgent neces- 
sity of the microwave resonant therapy integration into the practical health service. With a 
number of pathologic states MRT has a radical therapeutic effect or favors the improvement 
of patients' life comfort when the conventional medicine occurs to be at the limit of its abili- 
ties. It should be also noted that MRT allows to involve the organism systems, which are 
self-controlled on the sub-cellular, cellular, tissue and organic (including psychical activity) 
levels. That is why MRT is not so much a method of certain pathology treatmei as-a 
method of disordered systems correction permitting to treat not the disease in its specific 
nosologic or syndromologic manifestations, but the sick organism. 

With time, in all probability, our ideas concerning medicinal pragmatism and other ac- 
tive, sometimes unnatural, curative measures will be reconsidered. The qualitative jump in 
ensuring health for wide layers of population may be closely connected with the fundamental 
conception of the modern natural science — "Physics of the Alive" as the scientific basis for 
the improvement of the neuropathic methods not only of treatment but also of prophylaxy. 
The examples of malignant tumors, thromboembolic pathology, chronic non-specific pul- 
monary diseases and other diseases display demonstratively the weakening, especially in the 
last decades, of the non-specific resistancy of the organism. In future we also will not be able 


130 


"PHYSICS OF THE ALIVE" ІМ MEDICO-BIOLOGICAL ASPECT 


to prevent people from being ill with atherosclerosis, malignant tumors and many other 
kinds of non-infectious pathology, but we, apparently, will be able to compensate the weak- 
ened organism stability to the unfavorable environmental factors by non-medicamentous 
physiological means. The data obtained about the prevention of some specific pathologic 
processes inspires with optimism. We want to express the conviction that in the nearest fu- 
ture just the prophylaxy will occur to be the most successful in the struggle against wide- 
spread human diseases. On this purpose it is necessary to have scientifically grounded, step- 
by-step re-orientation of the health service, the doctrine of which will be not patient's return 
to previous state but stabilization of health. We are deeply convinced that the dynamic in- 
frastructure of qualitatively new health services in XXI century together with other trends 
must include the diseases prophylaxy based on the fundamental doctrine of Physics of the 
Alive - the timely correction of the metabolic-throphic processes by means of stabilization of 
human coherent electromagnetic field. 
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Mathematical model, that allows to define the state of human organism according to cytochemical 
data, is offered. So taken into account the concept of organism as a quantum system, the measure- 
ment of each index is connected with linear operator in multidimensional states space. The statistical 
approach to the definition of diagonal representation of these operators is found. The changes of 
organism state on different stages of Microwave Resonance Therapy (MRT) treatment are observed 
by means of the offered model on example of patient's group with immunodeficiency. One can repre- 
sent the states changes as the trajectory in the introduced space of variables. These trajectories are 
associated with peculiarity ("cathastrophe") of pleat type. In cases of improvement of patients' clinical 
condition, the trajectories move states into lower dimensions subspace. 


( Received June 30, 1993) 


In this paper an approach to the definition and representation of clinically observed 
states of organism is considered. These states are found out by the observations on the set of 
indexes measured in clinical conditions dynamics. 

1. The initial point of suggested approach is the idea developed by physics of the alive 
about organism's integrity as a quantum-physical system. Under this approach the system of 
measured indexes is considered as a system of observables in the meaning of quantum phys- 
ics and organism states are expressed via corresponding state-vectors of this system. The 
clinical observations done on different stages of use of MRT-technology of treatment serve 
the empirical background of performed researches. The revealed holistic character of 
MRT-methods' action on organism allowed to pose a problem of this integrity representa- 
tion. 

A matrix approach to quantum systems' investigation and its interpretation in terms of 
statistical means of experimental data analysis, especially the methods of factor analysis 
makes up the formal logic of organism's states-vectors definition according to measurable 
indexes. Within limits of these interpretations the organism state is determined by limited 
sets of two or three latent (not observed directly) parameters (LP). 

In coordinates of induced space LP organism's state is found out within the area of some 
point which location is calculated according to measured set of indexes (in our example it is 
the set of organism's immune state indexes). By accompanying the treatment with definite 
consequence of such measurements we can observe in LP coordinates the organism transi- 
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tions from state BEFORE to state AFTER action that are displayed as possible transition 
states for organism. 

2. The model of indexes system's measurement. In initial approach to the organism's 

- state is specified in experimental table OBJECTSx PARAMETERS type. This (Vx M) ma- 

trix А is considered at different stages of analysis either М rows (M-dimension vectors repre- 
senting М objects) or M columns (N-dimension vectors representing M parameters). 

For example, the influence of MRT on cytochemical indexes' set found its representation 
in the tables of 11 indexes' set of 43 patients immune status - BEFORE and AFTER action. 

3. The computing scheme of representation of organism state according to experimen- 
tal table (matrix 4) is built on the background of Koryne-Loev decomposition of appropri- 
ate correlative matrix R. From statistical point of view these are the methods of factor 
analysis in the main components model [1] but we must stress the algebraical more than sta- 
tistical nature of used representation. 

Matrix А |У, M] is normalized so that 


A'x A = R[N. MT. 


К; j| € 1 where i#/; R; f where i=j (3.1) 


where К, , are correlation coefficients between 7 and j indexes; X is matrix multiplication; A’ 
is transponated matrix 4. 
The matrix R | М, М] is decomposed on its self vectors according to its self values. 


R = L(VAxVV)  L2(V2xV2^). -LK(VK xVK") = 


= Flx Е + Е2х Е2'+...ЕКХЕК, К< М; (3.2) 


where L1, L2, ... are self numbers of positively defined operator К, i.e., positive and ordered 
so that L1 > L2 >... is specter of decomposition; V1, V2, ... are corresponding self vectors 


normalized so that the square of their lines is equal to 1; Кіз М Ly Е2 = М 122, ... are 


vectors defining the new coordinate system - the factor structure. 
F(M,K) z[FLFA2.... ЕК]; (3.3) 
The coordinates of matrix 4 rows are to be calculated in built basis F, і.е., the objects' coor- 
dinates in new basis. 
Z(N.K)=AxF;; (3.4) 
4. The considered І, F, Z representations of experimental data matrix A have many 
useful characteristics: 
4.1. L allows to estimate the space dimension, containing the points (objects) and vectors 


(indexes) - the enclosed dimension. In the analysis of dynamic systems it means the enclosed 
attractor dimension [2]. In terms of statistics the dimension is a total dispersion contribution 
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which the first 5 components describe, trac is a matrix trac that in our case is equal to M- 
the dimension of observations' space. 

4.2. If the observation's table is connected with dynamic process then КІ is the order pa- 
rameter and L1 is a significance level (contribution) of order parameter [3]. 

43. The objects 4 vectors' projections on subspace F reflect the best mutual arrangement 
of points toward all the possible subspaces ої A dimension (from point of view of MNK- 
estimations), i.e., the points located close from each other remain comparatively close from 
each other on their projections, and, respectively, the points located far from each other re- 
main comparatively far from each other in their projections. (They are close or far according 
1o Euklid metrix) [4]. 

4.4. The increase of L! means the decrease of stability (in terms of R matrix caution) for 
occasionally chosen vector between all possible directions and the increase of stability to- 
ward the direction Fl. 

5. The observation for the organism states BEFORE and AFTER action on different 
patients groups (of different nosologics) for different sets (systems) 9 of indexes allows us to 
make a principally significant conclusion of the total effect of treatment. | 

The enclosed dimension of states space reduces after treatment, but that is the same, the 
first components’ contributions in observed total dispersion of possible states increase. 


Table 1. Specter of enclosed dimensions ої L-decomposition for subspaces of parameters' 
space by 11 cytochemical indexes 


Before treatment After treatment 
14 L2 L3 Ll L2 L3 
Group 1 (Inf) 
3.58 2.84 1.73 L 5.15 2.63 144 
32.6 25.8 15.72 % 46.8 23.9 13.1 
D(1)=58.4% D(2)=70.7% 
Group 2 (MRT) 
3.99 3.00 2.39 І, 6.23 2.03 1.24 
36.3 27.6 21.8 % 56.7 18.5 11.3 
D(1)=53.9% D(2)=75.2% 
Group 3 (MRT +inf) 
5.02 1.99 1.55 L 5.51 3.25 0.99 
45.6 18.1 14.1 % 50.0 29.5 9.0 
D(1)=63.3% D(2)=79.5% 


- In Table 1 the typical display of this effect on series of observations for cytochemical in- 
dexes on children's groups following strenghtening immune system treatment is shown. It is 
typical that in comparative series of experiments this effect is expressed more distinctly dur- 
ing the MRT-action. (Compare D(1) and D(2) of groups | and 2 that initial states are simi- 
lar). 
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The discovered effect has synergetic interpretation. Under this interpretation the organ- 
ism state according to some observables system may be characterized with the enclosed sub- 
space і occupies in introduced representation. 

The different states may have varied dimension but besides there is convicting evidence of 
the fact that "the more healthy" organism state is characterized by reduce of dimension. We 
can observe the increase of order parameters! contribution L1 (see (31) in total dispersion 
(fluctuation), i.e., the increase of organization and synchronization in system dynamics. The 
decrease of dimension means also potential possibility of the introduction of simpler states 
description in terms of necessary equations numbers. So the larger sets of observed indexes 
(measurements) representing the organism states may be described with small number of 
parameters. Revealed effect gives an argument in favor of significant physical status of in- 
troduced coordinates system, not only the convenient way of data representation. It allows 
to come to definition of organism state as a vector of quantum-physical state and to repre- 
sent the measurable parameters as observable matrix elements defined toward two different 
states [5], i.e., connected with transition state. 

6. Transition from one state to another is described with the help of the same comput- 
ing scheme represented in point 3. By joining in different way the matrixes of initial observa- 
tions 4 and B we can build (calculate) the less possible vector space for dimension in which 
the different sides of transition from one state to another are reflected in the most statisti- 


cally informative way. 
A 
Сів | | (6.1) 


B 


- the rows' joining of matrixes .4 and В. In this matrix each object (row) is represented twice 
- before action (row і) and after action (row i+N). By using the above mentioned scheme 3 
to this matrix we can calculate the phase space Е: Join the projections of points і and i+N on 
this space segment with straight line; This segment we can interpret as a linear replacement 
of the trajectory transitions' part of object i from state А to state В. 


C2 = [4.8] (6.2) 
- the columns joining of matrixes 4 and В. In this table we can differ the columns j and /+М 


- the indexes before and after action. In projection on F owing to the angle between the pro- 
jections of vectors j and j+M we can judge about its influence on some parameter. 


A.B 
СЗ = РЯ! (6.3) 


The matrix is constructed so that it allows to reflect the symmetry and its disturbances dur- 
ing the transitions from 4 to B and from B to A: 
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Fig. 1 Factor meanings of transitions 
© -state before treatment 
- state after MRT-action 


7. There are enough experimental data to conclude that for monotonous (in terms of 
self variation characteristics) sets of indexes according to scheme (6.1) we can introduce the 
transition of F-representation in which the effect of decrease of enclosed space dimension 
retains (is observed). Thus, for example, for a group of 11 cytochemical indexes according to 
observations for the course of strenghtening the children's immune system by interferon, 
MRT, MRT+interferon action the F-representation interpreted as matrix representation of 
observed system was calculated (Table 2). 


Table 2. F-representation of set of cytochemical indexes 


Cytochemical indexes EN ЕІ F2 F3 

1. T-lymphocytes 0.219 0.382 0.042 
2. B-lymphocytes -0.170 0.264 0.002 
3. O-lymphocytes -0.035 -0.516 -0.037 
4. SDG of T-lymphocytes 0.236 0.230 0.551 
5. DNA 0.177 0.357 -0.476 
6. B-activated cells -0.415 0.173 0.079 
7. SDG of T-helpers | 0.190 0.318 0.474 
8. SDG of B-activated cells -0.421 0.153 0.047 
9; Acid phosphatase ої B-activated cells -0.449 0.185 0.018 

T-helpers DNA 0.187 0.345 -0.483 

B-activated cells DNA -0.461 0.173 -0.011 


L: 3.860 2238 17745 
% 35.18 20.35 15.87 
D(2)=55.5 
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The components of F-representation are the correlation coefficients between the observ- 
ables and factor projections of state-vector the proper numbers of operators of observed 


value are in basic and factor states). 


The fact of existence of global coordinates for the organism states' representation as the 
quantum system giving the transition in which local changes of enclosed dimensions are safe 
isn't trivial at all. The introduced coordinates allow to describe (observe) the dynamics of 


states changes formally. 


On Fig. | the transition trajectories from state BEFORE to state AFTER the straighten- 
ing of immune system (health improvement) by MRT-interferon methods are shown. It is 
typical that the initial "scattered" on surface state is converting in line. In addition if the ini- 
tial state is placed on this "attracting" line then the movement occurs similarly along this line 


(+) 


(- +) (E=) 


——————— 4 o ---— 


me----------------7 


Fig. 2 Scheme of areas corresponding to different 
‘angement on 


types of potential functions’ ur 
Л and f2 planes 


one minimum 4 
left degenerating minimum 

and minimum - + 
right degenerating minimum 

and minimum + - 
two minimums + + 


(two cases on Fig. 1). The cases of alter- 
nate movement happen very seldom if the 
state with attractive line is breaking into 
the area of initially "bad" state (one case 
on Fig. 1). Я 

8. We have settled earlier that there 
are theoretical presuppositions and ex- 
perimental support of the fact that in in- 
troduced according to (6.1) scheme the 
phase plane of transition trajectory from 
state BEFORE to state AFTER treat- 
ment is connected with display on the 
plane of one of two-dimensional variety. 
projections' peculiarities (in catastrophe 
theory these are the catastrophes of pleat 
type) in three-dimensional space (/1,/2,X) 
and set by dissolving of equality and turn 
angle is determined in regard of statistics 


Fz2X5.fiX-f220; 
where /1 and /? are the orthogonally con- 
verted Fl and F2. l 
In catastrophe theory F is considered 


as a gradient of function family depend- 
ing on two manager parameters (f1, f2). 


The present statistical data allow to suppose that the movement trajectories belong to 
this variety (are lying in this variety). If this assuming is true the segments of trajectories may 
be considered as linear function of pleat type catastrophe on planes КІ and F2 [6]. 

On Fig. 2 the corresponding to pleat scheme of areas' arrangement on f1 or f2 planes is 
represented by different types of minimums and maximums of potential functions. 
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The following situations are substantial for us: 
(besides the point of trefoil degeneracy and (0,0) and separatisse line) 


one minimum M + 
left degenerating minimum and minimum - + 
right degenerating minimum and minimum + - 
two minimums + + 


These cases divide the area of possible organism states into areas of different character of 
this states' stability. 

On Fig. 3 the scheme of mutual correspondence of planes F1xF2 and pleat catastrophe is 
shown. 


Fig. 3 Scheme of mutual arrangement of pleat and space rep- 
| resenting the transitions 
The effects discovered in such a way allow us to interpret the healthy state of organism as 
some pure quantum state and the violated state as some mixed quantum state. 


iSo «9o с 
ААУ 


The introduced system of latent variables allows to come to investigation of organism as 
quantum-physical system and is able at least qualitatively to define the connection of repre- 
sentation of clinical measurements as observed and organism state as a state-vector with 
other facts of organism quantum-physical nature displaying. 

The transition from scalar measured values to operator in linear space of states was ear- 
lier offered by Heisenberg following his creation of matrix formalism of quantum mechanics. 
The statistical approach suggested here is essentially a numerical method of operators di- 
agonal representation discovery, measured organism's indexes and allow to use practically 
the Heisenberg's matrix formalism just before the discovery and research of evident equa- 
tions of movement. 


138 


STATISTICAL APPROACH TO THE REPRESENTATION 


To summarize we want to estimate the medical favor of built latent variables' system. 
This system: 

- is statistically steadily displayed in variety of researches on patients of different noso- 
logies. This allows to introduce an idea about not only the value intervals (for norm 
and pathology) of measured indexes but also of their combinations; 

- finds out the areas for norm and possible trajectories for norm achievement, if this 
norm is violated. This allows to prescript from some moment the possible effects on 
organism of fixed technics of treatment; 

— determines the structure of areas for states. In terms of introduced LP the areas char- 
acteristic for organism states are connected with norm disturbance and the areas 
characteristic for different stages of organism treatment are determinated. The en- 
closed dimension occurred to be the essential feature of these areas that decrease dur- 
ing the transition toward the areas connected with norm (from dimension 2-3 to di- 

. mension close to 1), i.e., in terms of introduced representation the normal state differs 
the higher coordination of dynamic processes; 

— determines the trajectories' structure for transitions from one state to another. These 
trajectories or more exactly their linear approximations are associated with the sur- 
face determined in catastrophe theory as pleat catastrophe. So the direction of the 
transition may be interpreted as the transition from methastable states to the area of 
stable states. 


КЛІНІЧНІ ХАРАКТЕРИСТИКИ СТАНУ ОРГАНІЗМУ ЯК СПОСТЕРЕЖУВАНІ B 
МАТРИЧНОМУ ФОРМАЛІЗМІ ГАЙЗЕНБЕРГА 


Л.С. ФІНКЕЛЬ, С.П. СІТЬКО 


Пропонується математична модель, яка дає змогу визначити стан організму людини за набором 
цитохімічних показників. При цьому, виходячи з уявлень про організм, як про квантову 
систему, вимір кожного з показників пов'язується з лінійним оператором у багатомірному 
просторі станів. Знайдено статистичний підхід до визначення діагонального представлення цих 
операторів. 


На прикладі групи пацієнтів з імунодефіцитом засобами запропонованої моделі розглянуті 
зміни у стані організму на різних етапах лікування МРТ. Виявлено, що зміну станів можна 
показати траекторією y введеному просторі перемінних. Ці Tpaekropii асоційовані 3 
особливістю ("катастрофою") типу складання. У випадках покращення клінічного стану 
пацієнтів траекторії переводять стани в підпростір меншої розмірності. 


КЛИНИЧЕСКИЕ ХАРАКТЕРИСТИКИ СОСТОЯНИЯ ОРГАНИЗМА КАК 
НАБЛЮДАЕМЫЕ В МАТРИЧНОМ ФОРМАЛИЗМЕ ГАЙЗЕНБЕРГА 


Л.С. ФИНКЕЛЬ, С.П. СИТЬКО 


Предлагаєтся математическая модель, позволяющая определить состояние организма человека 
по набору цитохимических показателей. При ЭТОМ, ИСХОДЯ ИЗ представлений об организме, как 


139 


L.S. PHINKEL, S.P. SITKO 


о квантовой системе, измерение каждого из показателей связывается c линейным оператором в 
многомерном пространстве состояний. Найден статистический подход к определению ди- 
агонального представления этих операторов. 


На примере группы пациентов с иммунодефицитом средствами предложенной модели 
рассматриваются изменения состояния организма на различных этапах лечения методом МРТ. 
Обнаружено, что изменение состояний можно представить траекторией во введенном 
пространстве переменных. Эти траектории ассоциированы с особенностью ("катастрофой") 
типа сборки. В случаях улучшения клинического состояния пациентов траектории переводят 
состояния в подпространство меньшей размерности. 


a 
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Summary Data ої MRT Efficacy in Medical Practice 
According to Statistical Reports of 654 MRT Rooms 
during 1990-93 


Prepared by L.L. SUMSKOJ 
Scientific Research Center "Vidhuk", Kiev, Ukraine 

In the development of nondrug and uninvasive methods of treatment the authors groups 
headed by professors A.S. Efimov, V.D. Zhukovsky, К.С. Koladenko, E.L. Macheret, 
L.N. Mkrtchian, A.V. Ostrovsky, У.С. Perederiy, U.M. Pancirev, У.С. Ryaltsev, 
К.А. Semenova, I.I. Talko, Р.Р. Chayalo, С.А. Chernyakevitch, L.P. Khimenko took part. - 
Among the developed and approved by Ukrainian Ministry of Public Health MRT-methods 
there is the treatment of the most hard and sometimes incurable for drug medicine diseases, 
like, for instance, the aseptic necrosis of femoral stone head, infantile cerebral paralysis, gas- 
tric and duodenal ulcers, chronic alcoholism, the withdrawal of abstinent syndrome follow- 
ing opiumism, the treatment of diabetic angiopathies and polyneuropathies, obliterating 
diseases of lower extremities vessels, true blistering, neurodermites, chronic and specific dis- 
eases of lungs with bronchoobstructive bronchitis, chronic adnexites, polyps and stomach 
polyposis, acute cordial deficiency, osteomyelitis and MRT use in clinical oncology. 

In June, 1989 the Ukrainian Ministry for Public Health defined the development follow- 
ing next three years of 195 thousand's beds or foundation of 325 MRT-rooms. 

During last three years and a half more than 250 thousand's patients have received the 
MRT-treatment according to statistical reports of hospitals and other medical institutions. 

The structure of diseases according to applyment for medical help to MRT-rooms is fol- 
lowing: ) | 

- the nervous diseases - 31.6% with efficiency of treatment 88.7%; 

- the digestive diseases - 22.8% with efficiency 96.1%; 

- the respiratory diseases - 14.9% with efficiency 96.7%; 

- the mental diseases - 3.5% with efficiency 80.3%; 

- the blood circulation diseases - 9.8% with efficiency 92.7%; 

— the womeli's diseases - 3.4% with efficiency 87.0%; 

- the skin disorders - 3.4% with efficiency 84.8%; 

- the reumatoic diseases - 2.9% with efficiency 84.3%; 

- the osteo-articular diseases - 2.8% with efficiency 95.9%; 

- the infectious diseases — 1.8% with efficincy 96.2%; 

- the endocrine and metabolic diseases - 1.3% with efficiency 91.1%; 

- the eye diseases - 0.7% with efficiency 100%; 

— the blood diseases - 0,01% with efficiency 100%. 

The summary data are represented in table. 
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The specificity of patients’ choose for treatment is following. Thus, among the nervous 
diseases the priority belongs to ICP (34.0%), osteochondrosis (11.0%), incontinence of urine 
(10.7%); among the digestive diseases — the duodenal ulcer (47.0%), duodenitis (14.9%); 
among the respiratory diseases - chronic bronchitis (36.8%), bronchial asthma (22.5%); 
among blood circulation diseases - NCD (19.3%), hypertonia (16.9%), vegetative dystonie 
(15.8%); among the mental diseases — alcoholism (30.9%), narcotism (18.7%); among 
women's diseases - adnexitis (78.5%); among skin disorders — psoriasis (26.0%); among 
rheumatic diseases - arthritis (85.8%); among the osteo-articular diseases - arthrosis 
(46.2%), among the infectious diseases - influenza (77.0%); among the kidneys and urinary 
diseases — prostatitis (59.5%). 

In this panorama the work of Microwave Resonance Therapy Department for 30 beds in 
Meschaninov Kharkov Emergency Hospital is representive. Up to now more than 3.5 thou- 
sand of patients primary with gastric and duodenal ulcers received medical help. The effi- 
ciency of treatment in department was 96.0%, the mean number of days the patient needed 
to spend in hospital including investigation was 14.6 days. 

In city children's polyclinic the MRT-room was opened on March 11, 1991. Up to now 
more than 1700 of the children have been treated, mostly with respiratory diseases. The etfi- 
cacy of treatment was 99.0%. 

In sanatorium-dispensary of Industrial Institute from March 1990 more than 3.2 thou- 
sand patients were treated in MRT-room with efficiency 97.0%. 

The data mentioned above confirm the high efficiency of MRT either in hospital condi- 
tions or in dispensary reception hours. 


Table Summary data of MRT efficacy in medical practice 


No. WHO Disease (Nosological Total No. Including A% 
identification units) of Cases improvement 
of disease 
Blood diseases 
1 401.9 Hypertonia 3448 3295 95.5 
2 463.0 Aterosclerosis 1623 1157 71:2 - 
3 454.0 Varicose veins 2296 2148 - 93.5 
(Trofic ulcer) Е 
4 337.9 Vegetative dystonie 1 3212 3047 94.8 
5 414.8 Sciatica 2445 2342 95.7 


6 413.0 Neuro-circulatoric 3921 3803 7.0 
dystonie 


Rheumatoic diseases 


7 716.0 Arthritis 5274 4331 82.1 
Respiratory diseases 

8 439.9 Bronchial asthma 6967 6574 94.3 
9 466.0 Bronchitis 5978 5893 98.5 

10 491.2 Acute bronchitis 11375 10986 96.6 

11 484.9 Pneumonia 1078 939 87.1 


12 471.9 Colds 2546 2396 94.1 
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No. WHO Disease (Nosological Total No. Including % % 
identification units) of Cases improvement 
of disease 
Digestive diseases 
13 535.5 Duodenitos 7038 6724 95.5 
14 535.1 Gastritis 6149 5586 90.8 
15 575.8 Gall-stone disease 2213 2167 97.9 
16 557.1 Colvtos 1817 1723 94.8 
17 577.1 Pancreatitis 1665 1608 96.5 
18 575.1 Cholecystitis 4272 4197 98.2 
19 531.7 Gastric ulcer 1814 1648 90.8 
20 532.7 Duodenal ulcer 20216 19779 97.8 
Urinary diseases 
21 696.0 Pielonephritis 578 536 92.7 
32 606.1 Prostatitis 1347 1243 92.2 
Endocrinous and metabolic diseases 
23 250.7 Diabetes mellitus 2388 2087 87.4 
Woman's diseases 
24 614.0 Adnexitis 5576 5345 95.8 
Osteo-articular diseases 
25 715.0 Arthrosis 94.7 
26 730.2 Osteomvelitis 93.5 
27 733.4 Aseptic necrosis of in- 100.0 


fantile femoral head 


Nervous diseases 


28 343.9 Infantile cerebral paraly- 22247 18372 82.6 
sis 
29 336.1 Myelopathy 2060 1911 92.7 
30 351.0 Neuralgia 7209 6805 83.0 
31 732.8 Osteochondrosis 21185 19948 94.4 
32 307.0 Incontinence of urine 7036 6421 91.2 
Mental diseases 
33 291.0 Alcoholism 2889 2227 77.0 
34 304.0 Narcotism 1380 1085 78.6 


35 309.3 Neurastenia 1337 1218 91.1 
Skin disorders 
36 691.8 Allergic dermatitis 1834 1712 93.3 
2 


37 698.3 Neurodermitis 1526 948 
38 692.9 Psoriasis 1845 1573 85.2 
39 629.1 Eczema 3936 3600 

Others 64386 54948 90.0 


14 


[2] 


Зміст 


Концептуальні основи фізики живого - С.П.Сітько 


Бістабільні стани провідності клітинних мембран як приклад 
виникнення дискретності у нерівноважних середовищах - 
В.А.Чінаров, В.М.Харкянен 


Енергетичні стани біооб'єктів під впливом міліметрового 
електромагнітного поля - Г.С.Литвинов, Л.Й.Бережинський, 
Г.І.Довбешко, М.П.Лисиця 


Про роль молекулярних ансамблів у первинній рецепції 
мікрохвильового випромінювання біосистемами - О.О.Серіков 


Експериментальне обгрунтування спільності резонансної реакції 
клітин прокаріот і еукаріот на міліметрові хвилі наднизької 
інтенсивності - Є.Д.Аліпов, І.Я.Беляєв, В.Г.Кравченко, 
В.О.Полунін, В.С.Щеглов 


Нерівноважні фазові переходи в живих системах під дією 
низькоінтенсивного мікрохвильового випромінювання - О.В.Чалий 


Особливості процесів упорядкування протонної підсистеми у 
водних розчинах кисню - Е.О.Андреєв, О.М.Ковриженко, 
Н.Г.Нікішина 


Когерентне мікрохвильове електромагнітне поле як фізична модель 
макроскопічних квантових станів багатоклітинного організму - 
В.В.Гіжко, С.П.Сітько 


"Фізика живого" у медико-біологічному аспекті - С.П.Сітько 
(консультант), Л.Н.Мкртчян, Б.П.Грубник, С.А.Дерендяєв, 
А.С.Єфімов, В.Д.Жуковський, О.В.Каменецька, В.С.Колпаков, 
Н.Н.Тарадій, Я.І.Хохлич, В.О.Юдін, А.С.Яновська 


Клінічні характеристики стану організму як спостережувані в 
матричному формалізмі Гайзенберга - Л.С.Фінкель, С.П.Сітько 


Зведена інформація про ефективність методик мікрохвильової 
резонансної терапії в практичній медицині (згідно статистичних 
звітів 654 кабінетів МРТ за 1990-1993 рр.) - підготовлена 
Л.Л.Сумським 


Conceptual Fundamentals of Physics of the Alive - S.P.Sit'ko 


Bistability Conductive States of Cell Membranes as an Example of 
Appearance of Discreteness in Non-Equilibrium Media - V.A.Chinarov, 
V.N.Kharkyanen 


Energy States of Bioobjects under mm-Wave Field Action - 
G.S.Litvinov, L.I.Berezhinsky, G.I.Dovbeshko, M.P.Lisitsa 


On the Role of Molecular Ensembles in Primary Reception of 
Microwave Radiation by Biosystems - A.A.Serikov 


Experimental Justification for Generality of Resonant Response of 
Procaryotic and Eucaryotic Cells to mm Waves of Superlow Intensity - 
Ye.D.Alipov, I.Ya.Belyaev, V.G.Kravchenko, V.A.Polunin, V.S.Shcheglov 


Non-Equilibrium Phase Transitions in Living Systems Affected by 
Low-Intensive Microwave Radiation - A.V.Chaly 


Peculiarities of the Processes of Proton Subsystem Ordering in Oxigen 
Water Solutions - Ye.A.Andreyev, O.M.Kovryzhenko, N.G.Nikishina 


Coherent Microwave Electromagnetic Field as a Physical Model of 
Macroscopic Quantum States of the Multicellular Organism - 
V.V.Gizhko, S.P.Sit'ko 


"Physics of the Alive" in Medico-Biological Aspect - S.P.Sit'ko 
(consultant), L.N.Mkrtchian, S.A.Derendiayev, B.P.Grubnik, 
O.V.Kamenetskaya, Ya.I.Khokhlich, V.S.Kolpakov, N.N.Tarady, 
A.S.Yanovskaya, A.S.Yefimov, V.A.Yudin, V.D.Zhukovsky 


Statistical Approach to the Representation of Clinically Observed 
Organism States as Observables of the Heisenberg Quantum-Mechanical 
Formalism - L.S.Phinkel, S.P. Sit'ko 


Summary Data of MRT Efficacy in Medical Practice According to 
Statistical Reports of 654 MRT-rooms During 1990-93 - prepared by 
L.L.Sumskoj 


